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1.3  0Q2 


Notes  to  Reviewers: 


1.  This  workbook  has  been  set  up  so  that  original 
materials  from  MIL-STD-1472B  are  printed  on  white 
pages,  with  recommended  modifications  for  each 
white  page  section  printed  on  yellow.  This  allows 
one  to  first  review  the  original  material,  along 
with  recommended  modifications  section  by  section. 

2.  Although  the  primary  objective  has  been  to  minimize 
reorganizing  the  order  of  original  materials,  it 

has  been  necessary  in  some  cases  to  do  some  reorganiz¬ 
ing  in  order  to  add  new  materials. 

3.  It  should  be  noted  that  there  have  been  a  few 

slight  modifications  with  respect  to  specific  criterion 
values  that  were  in  the  original  (i.e.,  in  terms  of 
dimensions,  rates,  times,  forces,  etc.),  in  order 
to  minimize  some  of  the  conflicts  that  have  occurred 
between  MIL-STD-1472  and  other  military  standards 
and  specifications.  Such  changes  were  based  on 
judgment  that  such  changes  do  not  materially  affect 
human  performance. 

4.  Many  of  the  new  materials  recommended  for  addition 
to  MIL-STD-1472  have  been  based  on  best  judgment 

of  various  experts  based  on  experience  and  consensus 
(since  specific  research  data  was  not  available). 

Your  critical  review  of  these  are  solicited,  especially 
if  you  have  knowledge  of  research  information  to  sug¬ 
gest  that  such  recommendations  are  not  correct. 

5.  Note  that  tables  and  figures  in  yellow  sections  have 
not  been  numbered  purposely,  since  until  decisions 
have  been  made  as  to  which  recommendations  might  be 
used  for  revising  MIL-STD-1472B ,  such  numbering  might 
confuse  the  reviewer.  Hopefully  such  tables  and  fig¬ 
ures  have  been  placed  appropriately  so  you  can  relate 
them  with  text  references. 
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Laboratory  Detachment 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


1.1  SCOPE  - 

This  standard  establishes  general  human  engineering  criteria  for 
development  of  military  systems,  subsystems,  equipment  and  facilities. 

1.2  PURPOSE  - 

The  purpose  of  this  standard  is  to  present  human  engineering  design 
criteria,  principles,  and  practices  to  achieve  mission  success  through 
integration  of  the  human  into  the  system,  subsystem,  equipment,  and 
facility,  and  achieve  effectiveness,  simplicity,  efficiency,  reliability, 
and  safety  of  system  operation,  training,  and  maintenance. 


Some  of  the  statements  in  this 
Section  could  be  improved  by  minor 
revision  as  indicated. 

The  matter  of  conflicts  with  other 
standards  would  be  appropriate  to 
include  in  this  Section  as  indi¬ 
cated  in  the  MET  Recommended 
Modifications  and  Rationale. 


1.3  APPLICATION  - 


This  standard  shall  be  applied  to  the  design  of  all  systems,  sub¬ 
systems,  equipment  and  facilities.  Nothing  in  this  standard  shall  be 
construed  as  limiting  the  selection  of  hardware,  materials,  or  processes 
to  the  specific  items  described  herein. 


1.1  SCOPE  - 


This  standard  defines  human  engineering  criteria  for  util¬ 
ization  in  developing,  procuring,  and  evaluating  systems,  sub¬ 
systems,  equipment,  and  facilities  for  military  use. 

1.2  PURPOSE  - 

The  purpose  this  standard  is  to  ensure  that  all  military  More  specific  to  "interface"  design, 
systems,  subsystems,  equipment,  and  facilities  will  be  designed 
for  proper  interface  with  their  operators  and  maintainers,  to 
enhance  human-system  performance  capability,  and  to  reduce  manning 
and  training  requirements,  and  insure  adequate  safet»'. 

1.3  APPLICATION  - 

This  standard  shall  be  applied  to  the  design  of  all  systems, 
subsystems,  equipment  and  facilities  for  military  use,  subject  to 
the  following  limitations. 

1.3.1  Aircraft  Flight  Control  Stations  -  Only  those  provisions 
which  specifically  cite  applicability  to  aircraft  flight  control 
stations  shall  apply  to  such  stations. 

1.3.2  Design  Limits  -  Design  limits  are  generally  presented  in  To  avoid  implication  that  1472  is 

the  text  or  in  tables  referenced  to  the  text  or  keyed  to  illus-  a  design  specification, 

trations.  Some  illustrations  include  a  specification  of  limits 

or  characteristics  directly  on  the  illustration.  In  the  absence 
of  limiting  specifications  the  illustrations  should  be  construed 
as  examples  only,  and  do  not  provide  design  limits  with  respect 
to  approach,  hardware,  materials,  or  range  of  acceptable  values. 

1.3.3  Conflicts  With  Other  Standards  -  Some  provisions  in  this  Although  we  have  tried  to  eliminate 

Standard  may  be  in  conflict  witF  provisions  in  other  standards  as  many  conflicts  as  possible,  some 

and  specifications  which  are  called  out  in  development  contracts.  will  remain  until  "other"  documents 
When  a  conflict  occurs,  the  procuring  activity  shall  determine  are  revised, 

which  provisions  of  the  i-espective  documents  shall  govern. 
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rationale/reference 


2.1  SPEC  I FLOAT IONS  AND  STANDARDS  - 
Specif  Lea Cions 

Add  the  following: 

MII.-C-81 774  Control  Panel.  Aircraft,  General  Requirements 
For . 


This  very  comprehensive  specifica¬ 
tion  has  considerable  human  engin¬ 
eering  content. 


ORIGINAL  REQUIREMENT 


MF!  COMMENTS 


.  DETAILED  REQUIREMENTS 


Titles  do  not  convey 
paragraph  content 


purpose 


of 


5.1  C0NTR0L/0 1  SPLAY  INTEGRATION  - 

5. 1 . 1  General  Criteria  - 

5.1. 1.1  Compatibility  -  Controls  shall  be  compatible  with  their  associ¬ 
ated  displays^  The  control -display  relationships  shall  be  functionally 
effective  and  recuire  a  minimum  of  decoding  or  mental  involvement  on  the 
part  of  the  operator. 


Paragraph  sentences  tend  to  obscure 
primary  objective. 

Feedback  requirement  is  too  sim¬ 
plistic  —  needs  clarification. 


5. 1.1. 2  Relationship  -  The  relationships  of  a  control  to  its  associated 
display  and  the  dispTay  to  the  control  shall  be  immediately  apparent  and 
unambiguous  to  the  operator.  Controls  shall  normally  be  located  adjacent 
to  (preferably  under  or  to  the  right  of)  their  associated  displays  and 
positioned  so  that  neither  the  control  nor  the  hand  normally  used  for 
setting  the  control  will  obscure  the  display. 

5. 1.1. 3  Oesicn  -  Control-display  relationships  shall  be  apparent  through 
design  considerations  of  proxim; ty,  similarity  o~  rroupings,  coding, 
framing,  labeling,  and  similar  tecnniques. 

{  1.1.4  Precision  -  The  precision  required  of  control  manipulation  shall 
be  consistent'witn  the  precision  required  by  the  system.  The  precision 
of  display  presentation  shall  be  consistent  with  the  range  of  control 
movements  required  for  adequate  system  performance. 

5. 1.1. 5  Feedback  -  Feedback  on  control  response  adequacy  shall  be 
provided. 


t] 
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ratiohale/references 

5.  DETAILED  REQUIREMENTS 

5.!  CONTROL/DISPLAY  INTEGRATION 

No  change 
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5.1*1  General  Criteria 
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HFI  RECOMMENDED  MODIFICATION  RATIONALE/REFERENCES 

5. 1.1.1  Compatibility  -  Control-display  relationships  shall  be  Expanded  to  cover  other  feedback 
functionally  effective  and  require  a  minimum  of  decoding  or  mental  relationships. 

involvement  on  the  part  of  the  operator.  This  shall  include  rela¬ 
tionships  between  a  control  and  specific  display  hardware  (e.g., 
meters,  instruments,  labeled  control  escutcheon  plates,  etc.), 
and/or  external  devices  or  visual  elements  that  are  used  as  visual 
reference  while  operating  particular  controls.  A  control  shall 
not  be  used  in  any  application  in  which  its  movement  is  likely  to 
be  ambiguously  interpreted.  (Example — the  manipulation  required 
is  opposite  to  that  anticipated  or  expected  by  the  typical  opera¬ 
tor.) 

5. 1.1. 2  Physical  Relationships  -  The  physical  relationships  of  a  Re-titled  to  differentiate  from 
control  to  its  associated  visual  display  and/or  the  display  to  the  5. 1.1.1. 

control  shall  be  immediately  apparent  and  unambiguous  to  the  oper¬ 
ator  (i.e.,  in  terms  of  adjacency).  Controls  shall  normally  be 
placed  beneath  or  to  the  right  of  a  related  display  except  under 
conditions  as  follows: 

a.  The  display  would  be  obscured  by  the  operator's  hand.  Expanded  to  clarify  "unambiguous" 

and  to  include  awkwardness. 

b.  Panel  space  limitations  requires  use  of  an  array  of  dis¬ 
plays  that  would  be  selectively  operated  by  means  of  a 
"ganged"  control  device,  wherein  separate  knobs  would  be 
associated  with  individual  displays  within  the  array. 

c.  The  control  operation  would  be  inefficient  or  awkward  if 
the  control  were  placed  next  to  the  display,  and/or  vice- 
versa  (i.e.,  placement  of  the  display  next  to  the  control 
would  make  for  awkward  or  inefficient  visual  access  to 
the  display).  Typical  applications  include  such  rela¬ 
tionships  as  steering  wheel,  joystick  or  foot-operated 
controls  relative  to  displays  on  an  instrument  panel. 

5.1.1  1  Organization  -  Controls  and  displays  shall  be  organized  Added  as  a  "general"  requirement. 

in  a  manner  that  will  minimize  operator  effort,  confusion  and 

error,  by  means  of  functional  grouping,  sequential  arrangement, 

accessibility  to  the  nominal  using  lim'c  or  hand,  and/or  nominal 

viewing  axis  of  the  operator. 

5.1.1 .k  Design  Detail  -  Control-display  relationships  shall  be  Modified  since  proximity  is  in 
apparent  from  the  configurational  and  graphic  details  of  the  5. 1.1.2,  and  to  emphasize  other 

hardware  elements,  i.e.,  size,  shape,  format,  labeling,  etc.  visual  factors. 
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RATIONALE/REFERENCES 


5. 1.1. 5  Simplicity  -  The  complexity  and/or  precision  required  Simplicity  is  made  a  general 

of  control  manipulation  and  display  monitoring  shall  be  consistent  concept,  with  an  explanation. 

with  the  precision  required  of  the  system  and  shall  not  exceed  the 

capability  of  the  operator  (in  terms  of  discrimination  of  display 

detail)  and/or  exceed  the  operator's  manipulative  capability  under 

the  dynamic  conditions  expected  (in  terms  of  manual  dexterity, 

coordination  or  reaction  time). 


5. 1.1. 6  Feedback  -  Control-display  systems  shall  be  designed  to 
provide  feedback  on  control  input  and  system  state  as  related  to 
control  input.  Feedback  shall  be  considered  at  three  levels  as 
follows: 

a .  Control  Actuation  - 

(1)  Discrete  State  Selectors  -  Controls  of  this  type 
(toggle  switches,  push  Sutton  switches,  rotary 
selectors,  etc.)  shall  provide  positive  indication 
of  control  actuation  to  the  operator  under  all  op¬ 
erational  conditions.  Control  displacement  suffic¬ 
ient  to  be  unambiguously  recognized  may  provide 
adequate  feedback  at  this  level  for  most  functions. 

(2)  Continuous  Adjustment  Controls  -  Controllers  such 
as  continuous-adjustment  knoDs ,  cranks,  joysticks, 
etc.,  shall  provide  feedback  as  to  where  the  control 
is  positioned  with  respect  to  its  entire  range  of 
variability.  Ordinarily  this  is  by  means  of  visual 
indication  viz;  the  control's  moving  pointer  against 
a  fixed  scale. 

b.  Transient  System  Response  -  Feedback  at  this  level  is 
used  to  provide  an  indication  of  system  response  to  the 
control  input  between  the  time  of  control  actuation  and 
that  of  arriving  at  system  steady-state  condition  in 

Response  to  that  input.  (When  the  transient  response  is 
short,  e.g.,  less  than  two  seconds  duration,  feedback 
at  this  level  for  non-critical  functions  may  not  be 
required.)  Usually  a  single  positive  feedback  indication 
at  this  level  is  sufficient  (i.e.,  there  is  one  clear 
visual  or  auditory  indication  that  the  system  is  in  the 
process  of  responding).  For  especially  critical  function;, 


Expanded  because  this  is  perhaps 
the  most  important  general  require¬ 
ment  that  applies  across  the  board. 
This  material  is  a  collation  of  basic 
precepts  from  numerous  authors  found 
in  references  such  as  the  following: 

Van  Cott,  Human  Engineering  Guide  to 
E 


McCormick,  Human  Factors  in  Engineer- 
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however,  transient  system  response  shall  be  indicated  by 
one  of  the  following: 

(1)  Direct  positive  feedback  from  the  mechanism  being 
driven  viz;  for  example,  a  strong  auditory  signal 
directly  from  a  drive  motor,  or  direct  visual  indi¬ 
cation  of  the  orientation  of  c'ne  driven  unit. 

(2)  Redundant  positive  feedback  from  two  diff  rent 
points  in  the  system  (c.g.,  a  meter  indicrtion 
and  a  pilot  Light,  which  sense  the  system's 
transient  state). 

(3)  Both  positive  and  negative  feedback,  so  that 

one  or  the  other  will  always  be  activated,  whether 
or  not  the  system  responds  to  the  control  input 
viz;  the  positive  feedback  indicates  the  system  is; 
in  the  process  of  responding  when  it  should;  the 
negative  feedback  indicates  that  the  system  Is  not 
responding  when  it  should;  and/or  one  or  the  ocher 
of  the  indications  wouid  always  be  present  during 
the  transient  period. 

System  Stead/  State  •  Feedback  shall  be  provided  to 
indicate:  TO  completion  of  the  system’s  response  to  the 
control  input  and  (2)  current  system  operating  state. 
Usually  a  single  positive  feedback  indication  at  this 
level  is  sufficient.  (The  onset  cf  the  indication 
signals  completion  of  the  response  and  the  continuing 
indication  constantly  inform  of  system  state.)  Where 
the  original  control  input  is  by  some  type  of  discrete 
state  selector,  a  discrete  state  indicator  for  feedback 
is  sufficient.  Whera  the  original  control  input  was  by 
a  continuous  adjustment  control,  an  analog  or  digital 
indication  of  system  state  is  usually  required  to  indi¬ 
cate  chat  the  system  has  indeed  responded  fully  to  the 
control  input.  Exceptions  to  this  may  be  allowed  where 
provision  is  made  to  automatically  compare  the  completed 
system  response  with  the  magnitude  of  the  control  i 


*i*\  CJ 


and  to  mdicacc  that  che  system  has  responded  within 
satisfactory  tolerance.  For  critical  fonctions  a  u-m- 
lng  mcncation  shall  be  provided  to  signal  at  ail  times 
following  the  system  transient  response  when  the  svt 

«n^o?rSjmatCheS  ChC  °rdCrCd  SC3tC  -  'by  Jhc'KS 


nd ' panelT^Sf^Ji  ci2Sl *  thafals^bf *0r^r?'1 
or  under  darkened  conditions  shall  be  iliur.inated.  ^  3t  nxgnt 
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rtddea  because  without  illumination 
visual  feedback  will  not  occur. 

,  ^"00  ra^ny  arbitrary  decisions  are 
i  made  with  regard  to  providing 
S  light  .  unlighted  components, 
j  This  requirement  should  ba  "up  fron 


■  iJM 


original  recujrement 


5.1.2  Position  Relationships  - 

5. 1.2.1  functional  Grouping  -  Functionally  related  controls  and  displays 
shall  be  Toc'iteiTTn  proximity  to  one  another  --  arrange d  in  functional 
groups,  e.g..  power,  status,  test. 

5 . 1 . 2 . 1 . 1  Functional  Group  Arrangement  - 

5. 1.2. 1.1.1  Sequence  -  Functional  groups  of  controls  and  displays  shall 
be  located  to  proVTtfe  for  left-to-rlght  (preferred)  or  tup-to-bottom 
order  of  use,  or  both. 

5. 1.2.1. 1.2  Access  -  Providing  that  the  Integrity  of  grouping  by  func¬ 
tion  and  sequence  is  not  comproml sed ,  the  more  frequently  used  groups 
and  the  frost  important  groups  should  be  located  In  areas  of  easiest 
access.  Control-display  groups  required  solely  for  maintenance  purposes 
shall  be  located  m  a  position  providing  a  lesser  degree  of  access 
relative  to  operating  groups, 

5.1,2.  ..1,3  funr*  ior.al  Group  Marking  •  Functional  groups  may  be  set 
apart  by  outlining  wTtn  con" trasTTng "line*.  Where  such  coding  Is  speci¬ 
fied  by  the  orocurlnq  activity,  and  where  gray  panels  are  used,  noncrlt- 
1r.dl  functional  groups  (i.e.,  those  not  associated  with  emergency 
operations )  snail  DC  outlined  with  a  1/16-lncb  ( 1.6mm)  black  border 
['/.VP'1  of  FFU-5T0-55 5).  and  those  Involving  emergency  or  extremely 
critic. operations  shall  be  outlined  with  a  3/16-1  nch  (4,8rrm)  red 
bor  der  f  2 1 1  >(,  of  FFf)-5T0-5lH ) ,  As  an  alternate  method,  contrasting 
'* o  1  o r  p ,)<!',  cr  patches  may  be  used  to  designate  bot'i  critical  and  non- 
critical  functional  areas,  subject  to  prior  approval  by  the  procuring 
activity.  When  -ed  compartment  lighting  Is  used,  ai  orange-yellow 
(  23538  of  f LO-’STD- 5Q0)  and  black  (27038  of  FE0-ST0-595)  striped  border 
shall  be  used  to  outline  functional  groups  Involving  emergency  or 
extremely  critical  operations.  Critical  and  noncrl tlcal  control- 
display  areas  In  aircraft  cmw  station*  shill  be  delineated  in  accord- 
ar  ce  with  fa  I L  -  M  - 18012. 

Mr,* ..  Above  b.  1,2. 1.1. 3  moved  to  new  paragraph  under 
"'  iinrrol -Display  Identification" 


HF!  COMMENTS 


A  ki<v  issue  in  loc.if.ihp,  .  l  it  re!  - 
and  displays  is  the  nrpronr ,ai 
definition  of  the  basic  '.«!>•  r.it  -i 
posit  ion  and  hin/hor  or  i 

Tor  years  we  have  film;  set  infii. 
at  least  tour  basic  pri-  u  <ys 
of  com  rol -display  p-si  tioni'v . 
i.e.,  grouping  by  fund  in.  »• 
sequence,  of  operation,  bv  f r *  - 
rjuency  'I  use,  and  by  om<  r. 
neetl .  Although  the  -  ,ir>-  *  i  e  * 
variously  within  thy  ••ria>  a  >  . 
we  believe  these  principles 
important  to  expose  as  .  1<  ,  ty 
at  possible. 

Al  I  (twill#  tor  those  two  INtoo-t'. 
remaining  material  should  r  - 
organized  tr,  follow. 

The  main  title  does  o«,t  tulle  r-  t 
what  is  to  follow. 

Soiiio  subtitle*  also  do  " -t 
what  fol  lows . 

S«m.e  of  the  requirement  sat- 'went 
are  not  complete  with  rcsiect  t 
the  topic. 

Additional  topics  germane  to  »h. 
to  the  section  title  should  ’>,« 
added . 


Best  Available  Cop; 


'  f .  • 
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MFI  COMMENTS 


5. 1.2. 1.1. 4  Consistency  -  Location  of  recurring  functional  groups  and  Too  limited, 

individual  items  shall  be  similar  from  panel  to  panel. 

5. 1.2. 2  Location  and  Arrangement  -  Whenever  an  operator  must  use  a  This  is  part  of  same  topic  addressed 

large  number  of  controls  and  displays,  their  location  and  arrangement  in  5. 1.2.1  and  other  of  the  follow- 

shall  be  designed  to  aid  him  in  determining  which  controls  are  used  ing  paragraphs.  The  reader  has 

with  which  displays,  which  equipment  component  each  control  affects,  difficulty  understanding  topic 

and  which  equipment  component  each  display  describes.  hierarchy.  Some  modification  of 

subtitles  and  order  could  help 

5. 1.2. 3  Arrangement  Within  Groups  -  Controls  and  displays  within  clarify  this  by  bringing  "like" 

functional  groups  shall  be'  located  according  to  operational  sequence  topics  together. 

or  function,  or  both. 

5. 1.2. 3.1  left-to-Rioht  Arrangement  -  If  controls  must  be  arranged  in 
fewer  rows  than  displays,  controls  affecting  the  top  row  of  displays 
shall  be  positioned  at  the  far  left;  controls  affecting  the  second  row 
of  displays  shail  be  placed  immediately  to  the  right  of  these,  etc. 

5. 1.2. 3. 2  Vertical  and  Horizontal  Arrays  -  If  a  horizontal  row  of  dis¬ 
plays  must  be  associated  wi th  a  verticaT~column  of  controls  or  vice 
versa,  the  farthest  left  item  in  the  horizontal  array  shall  correspond 
to  the  top  item  in  the  vertical  array,  etc.  However,  this  type  of 
arrangement  shall  be  avoided  whenever  possible. 

5 - 1 .2.3.3  Multiple  Displays  -  When  the  manipulation  of  one  control 
requires  the  reading  of  several  displays,  the  control  shall  be  placed 
as  near  as  possible  to  the  related  displays  and  preferably  beneath  the 
middle  of  the  displays. 

5.1 .2.3.4  Combined  Control  -  when  separate  displays  are  affected  by  a 
combined  control  (e.g.,  concentrically  ganged  knobs),  the  display  shall 
be  arranged  from  left  to  right  with  the  combined  control  underneath  the 
center  of  the  displays. 
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5. 1.2. 3. 5  Separate  Panels  -  When  related  controls  and  displays  must  be  It  took  several  passes  to  understand 

located  on  separate  panels  and  both  panels  are  mounted  at  approximately  what  was  said  here! 

the  same  angle  relative  to  the  operator,  the  control  positions  on  one 
panel  shall  correspond  to  the  associated  display  positions  on  the  other 
panel.  The  two  panels  shall  not  be  mounted  facing  each  other. 

5. 1.2. 3. 6  Component  Groups  -  When  a  group  of  equipment  components  has  Same  here, 

the  same  function,  the  related  control  and  display  positions  shall  be 

oriented  to  correspond  to  those  of  the  controlled  and  monitored  com¬ 
ponents.  (For  example,  the  position  of  aircraft  engine  controls  shall 
be  oriented  as  if  the  operator  faces  the  normal  direction  of  vehicle 
movement. ) 


% 
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5.1.2  General  Arrangement  Factors  -  Arrangement  of  controls  and 
displays  at  work  stations  shall  be  in  accordance  with  those 
arrangement  factors  most  likely  to  ensure  effective  operator  per¬ 
formance.  Care  shall  be  exercised  to  obtain  the  best  balance  of 
these  factors  when  they  may  be  in  conflict  or  may  vary  in  signifi¬ 
cance  with  mode  of  operation  at  the  work  station.  The  following 
arrangement  factors  shall  be  considered. 


Title  changed  to  more  clearly 
represent  all  that  follows.  An 
introductory  statement  introduces 
concept  of  proper  compromise. 


5;  1.2.1  Operator  Orientation  -  Controls  and  displays  associated 
with  a  given  control /monitoring  task(s)  shall  be  located  and 
positioned  with  reference  to  a  specified  operator  position  or 
positions,  including  requirements  for  visual  monitoring  beyond 
the  immediate  control-display  interface,  and  shall  not  impose 
difficult  mobility  problems  for  the  operator  (i.e.,  sitting  or 
standing  in  an  -'•’kward  position,  frequent  extreme  reaching  and 
body  or  head  turning  requirements,  or  constant  changes  in  body 
position  in  order  to  accommodate  to  various  control  manipulation 
or  visual  monitoring  tasks).  Controls  and  displays  that  may  be 
used  concurrently  and/or  alternately  by  more  than  one  person 
shall  be  positioned  so  that  neither  operator  is  inconvenienced 
for  the  advantage  of  the  other  except  where  it  can  be  determined 
that  one  of  the  operator's  tasks  is  more  critical  and  of  higher 
priority,  and  spatial  constraints  actually  require  compromise  of 
one  operator's  convenience  over  the  other. 

5.1. 2. 2  Functional  Grouping  -  Functionally  related  controls  and 
displays  shall  be  located  in  groups  and  physically  or  visually 
separated  from  other  control-display  elements  or  groups  whenever 
suoh  grouping  enhances  operator  capability  to  locate  related 
functions  and  observe  inter-relationships  among  related  func¬ 
tions.  No  non-related  control  or  display  function  shall  be 
located  within  the  apparent  confines  of  a  functionally-related 
group  of  controls  or  displays. 


First  issue  of  arrangement  is 
operator  position,  missing  from 
original  section. 

The  following  are  somewhat  re¬ 
organized  but  include  all  of  pre¬ 
vious  topics  plus  additional  ones 
considered  important  to  cover  in 
this  section. 


This  topic  needed  to  be  more 
explicit . 


5. 1.2. 3  Sequence  of  Operation  -  Whenever  a  frequently  recurring 
sequence  (of  operation  Ci.e.,  instrument  scan  or  sequential  series 
of  control  operations)  can  be  defined,  control-display  elements 
shall  be  arranged  for  convenient  lef t-to-right,  or  top-to-bottom 
eye/hand  movements.  Such  sequential  arrangement  shall  be  observed 
both  for  individual  items  or  group-to-group  sequences,  and  "within 
functional  groups". 


Same. 
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5. 1.2.4  Frequency  of  Use  -  Controls  and/or  displays  that  are  used 
continuously  and/or  most  frequently  should  be  located  and  posi¬ 
tioned  as  convenient  to  the  operator  as  practicable  relative 

to  related  physical  and  environmental  constraints.  Displays 
should  be  positioned  to  minimize  excess  reaching  and/or  awkward 
hand/arm  and/or  fooc/leg  movements. 

5. 1.2. 5  Importance  of  Use  -  Controls  and  displays  which  are  most 
critical  to  operation  should  be  placed  in  preferential  positions. 
Refer  to  appropriate  sections  of  5.2  VISUAL  DISPLAYS  and  5.4 
CONTROLS . 

5. 1.2. 6  Simultaneous  Use  -  Visual  displays  that  must  be  moni¬ 
tored  concurrently  with  manipulation  of  a  related  control  shall 
be  located  sufficiently  close  to  the  control  so  that  the  operator 
is  not  required  to  observe  the  display  from  an  excreme  visual 
angle  and  thus  introduce  the  possibility  of  parallax  error. 

5. 1.2. 7  Emergency  Use  -  Emergency  displays  and  controls  shall 
be  located  where  they  can  be  seen  and  reached  with  minimum  delay 
(e.g.,  warning  lights  within  a  30-degree  cone  about  the  operator's 
nominal  line  of  sight;  emergency  control  close  to  the  nearest, 
available  hand  in  its  nominal  operating  position). 

5.1.3  Design  Factors 

5. 1.3.1  Control-Display  Identification  -  Except  for  controls 
whose  function  and  appearance  is  obvious  (e.g.,  steering  wheel, 
joystick,  etc.),  all  operator  and  raaintainer  controls  and  dis¬ 
plays  shall  have  appropriate  labels  to  aid  in  their  identifica¬ 
tion.  This  shall  apply  not  only  to  individual  items,  but  also 
to  functional  groups  of  controls  and  displays.  Functional  groups 
may  be  set  apart  by  means  of  spatial  separation,  outlines  around 
the  group,  and/or  contrasting  panel  backgrounds.  When  outline 
borders  are  used  they  shall  not  be  wider  than  the  character 
stroke  width  in  the  associated  function  labels,  except  for  panels 
containing  emergency  or  extremely  critical  functions  where  the 
border  width  may  be  twice  the  character  stroke  width.  Borders  on 
gray  panels  should  be  marked  in  black  (FED-STD-595,  color  #27038) ; 
or  for  emergency  panels,  the  border  should  be  red  (FED-STD-595, 
color  #21136)  unless  red  illumination  is  used,  in  which  case  it 


rationale/references 

Same.  ~~  ~ 


Thj.-.  and  next  topic  were  omitted 
in  original,  but  are  critical 
factors  in  arrangement, 


This  topic  needed  to  be  more 
explicit . 


A  new  title  was  needed  to  collate 
following  topics  at  an  appropriate 
level . 

Note:  5. 1.3.1  picks  up  detailed 
material  from  original  5. 1.2. 1,1. 3. 


J 
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should  be  striped  in  yellow  and  black  (FED-STD-595  yellow  #23538  Add  new  aircrew  station  "Control 

and  black  #27038).  Background  pads  may  be  used  subject  to  Panel"  specification. 

approval  by  the  procuring  activity.  Critical  and  noncritical 

control-display  areas  in  aircraft  crew  stations  shall  be  delineated 

in  accordance  with  MIL-M-18012  and  MIL-C-81774) .  For  other 

display-control  labeling  and  marking,  see  5.5. 

5. 1.3. 2  Consistency  -  Like  control-display  functions  shall  be  Makes  topic  more  explicit.  These 

consistent  from  one  operator  workstation  to  another  when  it  is  "standardization"  concepts  are 

likely  that  the  same  operator  may  be  called  upon  to  change  work-  based  on  recent  automotive  driver 

stations.  The  following  are  examples:  station  studies  by  MFI  for  U.S. 

DOT  plus  some  refinement  of  the 

a.  Left-Right  Arrangements  -  When  a  group  of  control-display  material  presently  contained  in  1472. 
elements  normally  have  a  lef t-to-right  and/or  numbered 

relationship  to  other  equipment  components  (e.g.,  aircraf: 
engines  numbered  from  left  to  right),  the  operator  con¬ 
trol-display  arrangement  shall  remain  the  same  with  re¬ 
spect  to  the  operator’s  orientation  within  the  work  sta¬ 
tion  (i.e.,  facing  forward,  right,  left,  or  aft). 

b.  Related  But  Separated  Control-Display  Arrays  -  When  an 
array  of  controls  on  one  pane!  correspond  to  displays 
mounted  on  another  panel  (i.e.,  due  to  special  space 
limitations),  the  control  and  display  arrays  should  be 
similarly  arranged.  That  is,  the  left-most  control  of 
a  horizontal  array  shall  correspond  to  the  left-most 
display  mounted  on  the  other  panel,  or  a  top-most  control 
of  a  vertical  array  shall  correspond  to  the  top-most  dis¬ 
play  on  the  other  panel.  The  two  horizontal  panels  shall 
not  be  mounted  so  that  they  "face"  each  other  and  thus 
create  the  opportunity  to  confuse  the  right-to-left 
relationships . 

c.  Vertical  vs  Horizontal  Control-Display  Arrangements  - 
When  displays  are  arranged  m  a  row  or  column  the  associ- 
ated  controls  should  be  similarly  arranged  and  spaced 
/(and  vice  versa),  except  as  follows: 


10 


MFI  RECOMMENDED  MODIFICATION  RAT  I ONALE/REFERENCES 

(1)  Fewer  Rows  of  Controls  Than  Displays  -  Controls  Ref:  Van  Cott,  Human  Engineering 

affecting the  top  row  ot  displays  shall  be  posi-  Guide  to  Equipment  Design, 

tioned  at  the  far  left;  controls  affecting  a  second  1? Ch  9 

row  of  displays  shall  be  placed  immediately  to  the 
right  of  these,  with  an  appropriate  space  between 
the  two  control  arrays. 

(2)  Vertical  vs  Horizontal  Association  -  If  a  hori- 
zontal  row  of  displays  must  be  related  to  a  ver¬ 
tical  row  of  controls  or  vice  versa,  the  farthest 
left  item  in  the  horizontal  array  shall  correspond 
to  the  top  item  in  the  vertical  array,  etc. 

Note:  The  above  exceptions  often  lead  to  errors  in 
spite  of  the  recommended  spatial  associations. 

Therefore  they  should  be  avoided  whenever  possible. 

(3)  Multiple  Displays  vs  Single  Control  -  When  the 
manipulation  of  one  control  requires  reading  of 
several  displays,  it  shall  be  "centered"  as  near 
as  possible  below  the  display  group. 

(3)  Multiple  Display  vs  Ganged  Control  -  When  up  to 
three  displays  are  to  be  individually-affected  by 
a  three-layer,  ganged  rotary  control  switch,  the 
switch  should  be  centered  below  a  horizontal  dis¬ 
play  group,  or  to  the  right  of  a  vertical  display 
group.  The  knob-display  associations  should  be  as 
follows : 

(a)  Top  Knob  -  Left  Display  or  Upper  Display 

(b)  Middle  Knob  -  Middle  Display 

(c)  Bottom  Knob  -  Right  Display  or  Lower  Display 
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5.1.3  Movement  Relationships  - 

5. 1.3. I  lack  of  Ambiguity  -  Display  indicators  shall  clearly  and 
unambiguously  direct  and  guide  the  appropriate  control  response.  The 
response  of  a  display  to  control  movements  shall  ie  consistent,  pre¬ 
dictable,  and  compatible  with  the  operator’s  expectations . 


This  section  ne^ds  to  address 
the  independent  centre!  motion 
expectancies  as  well  as  the 
control  vs  display  motions. 


5. 1.3.2  Time  lag  -  The  time  lag  between  the  response  of  a  system  to  a 
control  input  and  the  display  presentation  of  the  response  shall  be 
kept  to  a  minimum,  consistent  with  safe  and  efficient  system  operation. 
The  display  indicator  shall  normally  cease  to  move  after  the  control 
movement  has  ceased. 

5. 1.3. 3  Moving  Pointer  Circular  Scales  -  Clockwise  movement  of  a  rotary 
control  or  movement  of  a  linear  control  forward,  up,  or  %o  the  right 
shall  produce  a  clockwise  movement  of  circular  scale  pointers  and  an 
increase  in  the  magnitude  of  the  setting. 

5. 1.3. 4  Moving  Pointer  Linear  Scales  -  Clockwise  movement  of  a  rotary 
control  or  movement  of  a  ii near  control  forward,  up,  or  to  the  right 
shall  produce  a  movement  up  or  to  the  right  fpr  horizontal  and  vertical 
scale  pointers  and  an  increase  in  the  magnitude  of  th.;  r-;,rng. 


The  universal  us'1  of  CW  vs  CCW 
to  describe  motions  breaks  down 
under  certain  cases,  especially 
when  J  -iC  vs  ri.^ht  h3nd  use  is 
considered.  To  clarify  these 
differences,  it  seems  desirable 
{  to  use  illustrations  since  it 
I  is  iard  to  describe  all  variables 
j  in  words. 


5. 1.3. 5  Fixed  Pointer  Circular  5cale  -  Displays  wit!:  moving  scales  i 

and  fixed  pointers  or  cursors  should  be  avoided.  When  circular  fixed- 
pointer,  moving-scale  indicators  are  necessary,  c’'ckwise  movement 

of  a  rotary  control  or  movement  of  a  linear  control  forward,  up,  or 
to  the  right  shall  normally  produce  a  counterclockwise  movement  of  the 
scale  and  an  increase  in  the  magnitude  of  the  reading. 

5. 1.3. 6  Fixed  Pointer  Linear  Scale  -  When  vertical  or  horizontal  fixed- 
pointer,  moving-scale  indicators  are  necessary,  clockwise  movement  of 
an  associated  rotary  control  or  movement  of  a  linear  control  forward, 
up,  or  to  the  right  shall  normally  produce  a  movement  of  the  scale  down 
or  to  thfe  left  and  an  increase  in  the  magnitude  of  the  reading. 
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5. 1.3. 7  Direct  Linkage  -  When  there  is  a  direct  linkage  between  control 
and  display  (e.g.,  radio  frequency  selector  <md  station  pointer),  a 
rotary  control  shall  be  used  if  the  indicator  moves  through  an  arc  of 
more  than  180°.  If  the  indicator  moves  through  an  arc  of  less  than 
180°,  a  linear  control  may  be  used,  provided  the  path  of  control  move¬ 
ment  parallels  the  average  path  of  the  indicator  movement  and  the  indi¬ 
cator  and  control  move  in  the  same  relative  direction. 


5. 1.3. 8  Cc:. '"on  Plane  -  Contois  shall  be  selected  so  that  the  direction 
of  movement  of  the  control  w:"  be  consistent  with  the  related  movement 
of  an  associated  display,  equipment  component,  or  vehicle. 

5.1.3.S  Parallel  Movement  -  Oirection-of-movement  relationships  shell 
be  strictly  adhered  to  w/.en  control  and  display  are  parallel  in  line  of 
movement. 

5.1.3.10  Label  »'no  -  When  control-display  relationships  specified  herein 
cannot  be  adhered  to,  controls  shall  be  clearly  labeled  (see  para  5.5} 
to  indicate  the  direction  of  control  movement  required. 

5.1.3.11  Movement  Direction  -  When  a  rotary  control  and  a  linear  dis¬ 
play  are  in  the  same  piane,  the  part  of  the  control  adjacent  to  the 
display  shall  move  in  the  same  direction  as  the  moving  part  of  the 
display. 

5.1.3.12  Thumbwhee i s  -  If  a  thumbwheel  is  used  as  a  continuous  control 
which  affects  v’ehicle  movement,  movement  of  the  thumbwheel  forward  or 
up  should  cause  the  vehicle  to  move  down  or  forward. 


This  ''breaks  down"  for  cert'. in 
applications  (e.g.,  aircraft, 
submersibles) . 


There  is  some  confusion  between 
this  and  paragraph  5. 1.3.9. 


Upward  motion  oL  thumbwheel  for 
downward  vehicle  motion  would  apply 
only  to  specific  vehicles. 

Suggest  be  deleted  since  its  limited 
application  will  be  covered  by 
pertinent  engineering  documents. 
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5. 1.3.3 


Control-Display  Movement  Relationships 


Titl 


e 


clarified. 


5. 3  .3. 3.1  Change  in  Value  -  When  control  manipulation  results  in 
a  change  in  value]  the  direction  of  control  movement  shall  conform 
to  criteria  in  Figure _ 


5.1 .3.3.2  Change  in  Displayed  Element  -  When  control  manipulation 
results  in  a  change  in  tfie  position  of  displayed  elements  (e.g., 
display  pointers,  cross-hairs,  or  other  controlled  markers),  the 
direction  of  control  movement  shall  conform  to  criteria  in 
F  i  gu  re _ . 


5.1 -3 .3.3  Change  in  Vehicle/Componeiit  Movement  or  Position  -  !  New  topic  -  omitted  in  original. 

Direction-of-nsoti.cn  conventions  for  various  types  of  operational  ; 
systems  (i.e.,  automotive,  aircraft,  marinacraft,  etc.)  shall  be  i 
followed  unless  express  approval  has  been  granted  by  the  procur¬ 
ing  activity.  The  following  conventions  shall  apply:  j 


A.  Automotive 

(l)  Steering  Wheels:  Clockwise  rotation  =  right  turn; 
counterclockwise  rotation  =  left  turn. 


Although  the-’!  s-.-  obvious,  such 
conventions  ni.i  to  be  stated  to 
avoid  "odd  design  inventions". 


(2)  Service  Brake,  Clutch  and  Accelerator  Pedals:  For¬ 
ward  pedal  motion  applies  braking,  disengages  clutch, 
and  increases  engine  R .P.M.  respectively. 

(3)  Automatic  Gear  Shift:  Floor/Console-mounted ;  PARK  =  j 
foremost  position  of  lever,  followed  by  successive 
aft  positions  of  REVERSE,  NEUTRAL,  DRIVE  and  LOW; 
Column-mounted;  same  positional  order. 


(4)  Turn  Signals:  (Column-mounted  lever,  left-hand- 
operated)  CLockwise  movement  about  column  axis  = 
RIGHT  TURN;  counterclockwise  movement  =  LEFT  TURK. 


(5)  Automotive  Manual  Throttle:  "Pull"  =  Increasing 
R.P.M. 
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-  CONTROL  MOVEMENT  FOR  VALUE  CHANGE 
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Positive  -  negative  displays 


NOTE:  ARROWS  INDICATE 
INCREASING  VALUES  INCLUDING 
POSITIVE  OR  NEGATIVE 


FIGURE 


-  CONTROL  VS  DISPLAY  MOT 
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B.  Aircraft 

(1)  Rudder  Pedals:  Forward  movement  of  right  pedal  = 
right  turn;  forward  movement  of  left  pedal  =  left 
turn. 

(2)  Control  Stick/Wheel:  Aft  motion  =  nose-up;  forward 
motion  =  nose  down;  Movement  to  the  right  and/or 
clockwise  wheel  motion  =  right  wing  down;  left 
movement  and/or  counterclockwise  wheel  motion  = 
left  wing  down. 

(3)  Throttle(s):  Forward  motion  *  increase  in  aircraft 
speed,  e.g.,  increased  thrust.  When  reverser  system: 
are  present,  aft  motion  of  throttle  lever(s)  = 
increased  thrust  (a  separate  "lift"  movement  of 
throttle  lever  shall  be  required  to  prevent  inadver¬ 
tent  operation  of  reverser  system). 

(4)  Other:  As  a  general  rule,  forward  or  upward  lever 

movement  =  increased  vehicle  performance.  Rotary 
controls  shall  conform  to  criteria  in  Figure _ . 

C.  Submersibles 

(1)  Direction  and  Attitude:  Clockwise  motion  of  a 
rotary  control  =  right  turn,  counterclockwise 
motion  =  left  turn;  forward  motion  of  lever  or 
rotary  control  =  bow  down,  aft  motion  of  lever  or 
rotary  control  =  bow  up. 

(2)  Propulsion  System  Control:  Forward  lever  motion  = 
increasing  forward  motion  of  vessel f  aft  lever 
motion  =  decreasing  forward  motion/increasing  rear¬ 
ward  motion  of  vessel  (i.e.,  to  provide  corollary 
control/vessel  motions). 


Ref:  AFSCM,  Handbook  of  Instructions 
for  Aircraft  Design  (MTAby. 
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5- 1.3. 3. 4  Control-Display  Geometric  Compatibility  -  Where 
applicable  and/or  practical,  the  shape  of  a  control  should  cor¬ 
respond  geometrically  to  that  of  the  display  it  affects  viz; 

(1)  a  round  knob  corresponds  geometrically  to  a  round  dial  with 
a  rotating  pointer,  (2)  a  lever  corresponds  geometrically  to  a 
rectilinear  display  with  linear  pointer  or  cross-hair  movements. 


Recent  automotive  research  shows 
control  shape  to  influence  operator 
expectations  re;  function  and 
manipulation.  (MFI  study  for 
DOT,  e.g.,  DOT-HS-803-45S) 


5. 1.3. 3. 5  Inside-Out  vs  Outside-In  Principle  -  Instruments  or  dis¬ 
plays  that  utilize  semi-pictorial  elements,  along  with  fixed, 
scalar  or  indexing  elements  to  allow  the  operator  to  quickly  see 
positional  relationships  between  himself  and  related  features  of 
the  operating  environment,  may  utilize  either  the  "Inside-Out"  or 
"Outside-In"  principle.  The  "Outside-In"  principle  should  normal!) 
be  used  when  the  operator  will  not  have  external  cues,  i.e., 
reliance  throughout  the  mission  will  be  completely  on  the  artifica] 
display.  When  the  operation  may  involve  alternate  reference  to  th< 
display  and  external  references  (viz;  flying  an  airplane),  the 
"Inside-Out"  principle  shall  be  used,  i.e.,  so  that  the  movement 
relationships  between  moving  and  fixed  elements  of  the  display 

are  equivalent  to  the  comparable  elements  in  the  external  visual  ! 

world.  (See  Figure _ ).  I 

* 

5. 1.3. 3. 6  Display  Lag  -  The  time  lag  between  system/display  : 

response  to  control  input  should  be  kept  tc  a  minimum,  consistent  ' 
with  safe  and  efficient  system  operation.  ! 


Topic  omitted  in  original  -  very 
germane  to  this  section. 

Ref:  Woodson  and  Conover,  Human 
Engineering  Guide  for 
Equipment  Designers ,  1966 , 

p  2-26. 


From  5. 1.3. 2,  simplified  since  we 
cannot  define  "normally"  in  last 
sentence. 


5. 1.3. 3.7  Fixed  Scale/Moving  Pointer  vs  Moving  Scale/Fixed  Pointer  -  Combines  5. 1.3. 5  &  5.1  3.6  since 
When  skirted,  rotary  knob  controls  are  used,  a  fixed  scale/moving  the  "decision"  is  critical, 
pointer  format  is  preferred,  because  both  scale  progression  and 
control  movement  are  compatible  with  operator  expectancies.  The 
moving  scale/fixed  pointer  (i.e.,  the  scale  is  imprinted  on  the 
knob  skirt,  and  moves  against  a  fixed  index  on  the  adjacent  panel 
surface)  shall  only  be  used  when  operator  time  and  error  proba¬ 
bility  is  not  critical,  and/or  there  is  special  benefit  in  having 
the  scale  value  to  be  readout  appear  in  a  constant  position  (i.e., 
for  check-reading  severaL  knob/dial  devices). 


INSIDE -OUT  DISPLAY 


WHEN  AN  JPERATOR  CONTROLS  "C.VN  VEHICLE" 
F?OM  WJ~-* IN  THE  COCKPIT,  AN  "INSIDE-OUT" 
DISP-LA'  cORMAT  3W0U*.D  BE  USED.  THIS 
FORMAT  sRCV.IDSS  A  CNS-T3-0NE  vOTIQN 
RELATIONSHIP  BETWEEN  the  MOV INC  element 
IN  the  DISPLAY  AHO  the  moving  FEATURES 
Of  The  OUTSIDE  WORLD  AS  VIEWED  THROUGH 
THE  VEHICLE  WINDSCREEN.  IN  CA)  THE 

aircraft  is  Shown*  banking  to  t^e  p.ic-ht; 
IN  <Bj  ThE  AIRCRAFT  IS  NOSE -HIGH;  IN 

CC)  the  aircraft  is  nose-high  and  bank¬ 
ing  to  fH£  RIGHT.  TO  LEVEL  THE  WINGS, 
THE  OPERATOR  MOVES  tVjS  UOfSTICK  IN  THE 
DIRECTION  0?  THE  ARTIFICIAL  HORIZON 
DISCREPANCY.  TO  LOWER  THE  NOSE  THE 
OPERATOR  PUSHES  THE  STICK  FORWARD. 

THIS  TYPE  C=  DISPLAY  QKTEN  REFERRED  TO 
AS  A  "CONTACT  ANALOG”  DISPLAY  TS-V'S  TO 
CONFUSE  NAIVE  OPERATORS  SINCE  THEY  EX¬ 
PECT  TO  MOVE  THE  CONTROL  IN  RELATION  T0 
THE  AIRCRAFT  SYMBOL  CWHiCK  UNFORTUNATELY 
DOES  NOT  MOVE). 


yj  V 


WHEN  AN  OPERATOR  CONTROLS  A  "DRONE" 
VEHICLE  <!.£,,  THE  OPERATOR  IS  LOCATED 
OTHER  THAN  IN  THE  COCKPIT  OF  THE  VEHI¬ 
CLE  BEING  CONTROLLED,  AN  "OUTS IDE- !«" 
FORMAT  SHOULD  SE  USED  SINCE  IT  WILL 
PRODUCE  FEWER  "CONTROL -REVERSAL"  ERRORS 
SY  NON  PILOT-TRAINED  OPERATORS.  THE 
ACCOMPANYING  ILLUSTRATIONS  SHOW  CA) 

A  RIGHT  BANK,  CB)  KOSS-HIfc.-i,  AND  (C) 
COMBINATION  N'OSE-HIGH/RiGHT  BANK  .  TO 
CO^ECT  THESE  DISCREPANCIES  THE  OPERA¬ 
TOR  ""LYS"  THE  AIRCRAFT  SYK30L  "TO" 

THE  FIXED  HORIZON. 

WHEN  A  PILOT  Flys  a  drone  from  the 

COCKPIT  OF  AN  AIRCRAFT,  "INS IDE-OUT" 
DISPLAYS  SHOULD  3E  USED  FOR  BOTH 
"OWN  AIRCRAFT"  AND  "DRONE"  CONTROL. 


OUTS IOE-IN  DISPLAY 


FIGURE 


-  INSIDE-OUT  VS  OUTSIDE-IN  CONTROL-DISPLAY  PRINCIPLES 


ORIGINAL  REQUIREMENT 


MFi  COMMENTS 


5*1-4  Control  Display  Ratio  - 

5. 1.4.1  Minimization  of  Time  -  Control  display  ratio  shall  be  selected 
for  continuous  adjustment  controls  so  as  to  minimize  the  total  time 
required  to  make  the  desired  control  movement  {i.e.,  slewing  time  plus 
fine  adjusting  time),  taking  into  consideration  display  size,  tolerance 
requirements,  viewing  distance,  and  time  delays. 

5. 1.4.2  Range  of  Display  Movement  -  When  a  wide  range  of  display  ele¬ 
ment  movement  is  required,  small  movement  of  the  control  shall  generally 
yield  a  large. movement  of  Ihe  display  element.  When  a  small  range  of 
display  movement  is  required,  a  large  movement  of  the  control  shall 
result  in  small  movement  of  the  display. 

5. 1.4. 3  Knob,  Coarse  Setting  -  When  a  knob  is  provided  for  making 
coarse  display  element  settings  on  linear  scales  --  0.016  to  0.100  inch 
(0.4  to  0.25mm)  tolerance  --  approximately  6  inches  (150  mm)  display 
element  movement  shall  be  provided  for  one  complete  turn  of  the  knob. 

5. 1.4.5  Bracketing  -  When  bracketing  is  used  to  locate  a  visual  or 
auditory  nulTposTtion  (e.g.,  tuning  a  transmi tter) ,  the  knob  shall 
move  through  an  arc  of  30  to  60  on  either  side  of  the  null  position 
in  order  for  a  misalignment  to  be  just  noticeable. 

5.1. 4. 5  Foot -Ope rated  Controls  -  Foot-operated  controls  shall  be 
provided  aril y  *Y o' *  gross'  seTTings . 

5. 1.4. 7  Lever.  Coarse  Setting  -  When  a  lever  is  provided  for  coarse 
'ettings  0.016  to  0.100  inch  (0.4  to  2.5  mm)  tolerance  --  one  unit 
of  display  element  movement  shall  be  used  to  three  units  of  Fever 
movement. 

5. 1.4. 3  Lever.  Two-Dimensional  Setting  -  When  a  lever  is  provided  to 
make  settings’ In  two  dimensions  to  coarse  tolerances  --  0.1  inch  (2.5 
ntu)  --  one  unit  of  display  element  movement  shall  be  used  to  two  and 
one-naif  units  of  lever  movement. 

5. 1.4.9  Counters  -  When  counters  are  provided,  the  control-display 
ratio  shall  be  such  that  on,,  revolution  of  the  knob  equals  approximately 
50  counts  (i.e.,  the  right  hand  drum  rotates  five  times). 


Add  the  word  "movement" . 

Needs  general,  introductory'  par . 
to  clarify  the  need  to  consider 
gross  and  precision  adjustment 
requirements,  operator  limitations, 
and  general  principles  relating 
to  control-display  ratio  determina¬ 
tion  . 


Need  to  reorganize  rest  of  the  re¬ 
quirements  so  they  are  more 
compatible  with  the  way  a  designer 
would  expect  to  see  the  informa¬ 
tion  categorized. 


Suggest -adding 
criteria . 


steering 


ratio 


Suggest  slight  expansion  here  in 
order  to  make  it  more  comprehensive. 

Suggest  removing  tolerances  -  these 
are  not  only  confusing,  but  ques¬ 
tionable  criteria. 


MF1  RECOMMENDED  MODIFICATION  RATiONALE/REFERENCES 


5.X. 4.1  General  -  Control-display  movement  ratios  for  continuous-  Conceptual  elements  are  gathered 
adjustment  controller  tasks  shall  be  selected  so  as  to  minimize  under  general  head,  followed  by_ 
the  total  time  required  for  the  operacor  to  work  the  desired  con-  details.  This  should  make  require 

trol  movement,  i.e.,  to  accommodate  both  response  time  and  pre-  ments  easier  to  follow, 

cision-setting  requirements. 

5. 1.4. 1.1  Coarse  vs  Fine  Setting  -  The  amount  of  control  and/or  Ref:  Van  Cott,  Human  Engineering 
display  movement  shall  be  compatible  with  the  operator's  inherent  Guide  for  Equipment  Design, 

capacity  to  discriminate  visual  and  tactile  inputs  from  displayed  15)72 ,  p  348-49. 

elements  and/or  control  movement  feedback.  For  coarse  setting 
tasks,  control  movement  should  be  less  than  display  movement; 
for  fine  setting  tasks,  display  movement  should  be  greater  than 
control  movement.  When  a  task  may  include  requirements  for  both 
coarse  and  fine  setting  the  control/display  ratio  should  be  chosen 
to  minimize  the  time  to  make  control  settings.  At  operator 
stations  where  some  tasks  require  only  coarse  settings,  hut  others 
require  fine  settings,  the  operator  should  be  provided  with  two 
selectable  ratios,  normal  and  "fine." 

5. 1*4. 1.2  Hand  vs  Foot  Controls  -  Foot  controls  shall  be  used 
only  for  coarse  adjustments  or  settings.  Hand/arm-operated 
controls  may  be  used  for  both  coarse  and  fine  adjustment.  The 
more  precision  required,  the  less  arm  movement  should  be  in¬ 
volved  in  control  operation. 

5. 1.4. 2  Coarse  Setting  -  The  following  criteria  shall  apply: 

a.  Knob/Linear  Scale  -  1  full  knob  rotation  =  approximately 
6-inches  of  display  element  movement. 

b.  Lever/Linear  Scale  -  1  to  2  units  of  lever  movement  = 

1  unit  of  display  element  movement. 

c.  Steering  Wheel  -  Approximately  3  +1/2  turns  of  the 

'wheel  =  lock-to~lock.  “ 


Have  removed  tolerance  definitions. 
They  are  not  in  proper  terms 
(e.g.,  %)  and  if  they  were,  are 
not  applicable  across  the  board. 


MFi  RECOMMENDED  MODIFICATION 


rationale/referehces 


5. 1.4. 3  Fine  Setting  -  The  following  criteria  shall  apply: 

a.  Knob/Linear  Scale  -  1  full  knob  rotation  =  1  to  2  inches 
of  display  element  movement. 

b.  Lever/Linear  Scale  -  3  to  4  units  of  lever  movement  = 

1  unit  of  display  element  movement. 


5 . 1 . 4 . 4  Bracketing  for  Determining  Maximum  or  Minimum  Values  - 
When  bracketing  is  to  be  used  to  locate  a  maximum  or  minimum 
rather  than  a  specific  value  (°.g.,  as  in  tuning  a  transmitter), 
the  control  knob  shall  swing  through  an  arc  of  at  least  plus  or 
minus  10  degrees  but  not  more  than  plus  or  minus  30  degrees  either 
side  of  the  target  value  in  order  to  make  the  peak  or  dip  assoc¬ 
iated  with  that  value  clearly  noticeable. 


5. 1.4.5  Counter-Setting  -  The  following  criteria  shall  apply: 


Broadened  coverage. 


a.  Multi-Digit,  Mechanical  Drum  Counters  -  One  revolution 
of  a  knob  should  equal  approximately  50  counts  (i.e., 
the  right-hand  drum  rotates  five  times). 

b.  Multi-Digit  Electronically-Displayed  Counters  -  A 
momentary  switch  type  control  shall  be  used.  Both 
slow  and  fast  speed  (slew)  operation  should  be  provided 
so  the  operator  can  either  slew  through  the  digits 
rapidly  (about  2  digits  per  second  for  the  cell  being 
read)  or  step  through,  one  digit  at  a  time.  In  the 
latter  case,  the  system  should  preclude  the  operator 
advancing  more  than  one  character  in  the  event  the 
control*  is  not  released.  However,  it  is  preferred  to 
have  a  system  in  which  both  forward  and  reverse  display 
changes  can  be  made  (i.e.,  so  that  the  operator  can 
"backup’-'  one  or  two  digits  rather  than  having  to  "cycle- 
through"  the  series  to  obtain  the  desired  setting;. 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for~~EquTpment 
Designers,  1966,  p.  2-3l. 


c.  -Single-Digit  Electronically-Displayed  Counter  -  A 

momentary-contact  step  advance  may  be  sufficient  unless 
frequent  setting  is  required  in  which  case  a  two^-speed 
switch  should  be  provided  as  for  the  multi-digit  counter. 
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Mr  I  RECOMMENDED  MODIFICATION  RATIONALE/REFERENCES 

5. 1.4. 6  Foot-Operated  Controls  -  Foot-operated  controls  should  First  sentence  is  believed  necessary 

not  be  used  to  adjust  a  visual  display  directly,  i.e.,  other  than  to  preclude  use  of  foot  control 

indirect  display  of  vehicle  changes  in  direction,  acceleration,  "just"  to  adjust  a  display. 

etc.).  If  a  directly-coupled  display  adjustment  is  to  be  made 

by  foot-operated  control  movements,  it  should  be  only  for  gross, 

relatively  slow  settings.  Foot-operated  controls,  when  used  to 

control  the  direction  of  vehicle  movement  (as  in  small  submer- 

sibles)  should  be  instrumented  to  indicate  the  direction  and 

magnitude  of  control  surface  actuation  as  well  as  the  heading 

of  the  vehicle. 


ORIGINAL  REQUIREMENT 

MF  I  COMMENTS 

5.2  VISUAL  DISPLAYS  - 

5.2.1  General  -  Visual  displays  should  be  utilized  to  provide  the 
operator  with  a  clear  indication  of  equipment  or  system  conditions 
for  operation  under  any  eventuality  commensurate  with  the  operational 
and  maintenance  philosophy  of  the  system  under  design. 

5. 2. 1.1  Oisplay  Illumination  -  When  the  degree  of  dark  adaptation  I 

required  is  not  maximum,  low  brightness  white  light  (preferably  inte¬ 
gral),  adjustable  as  appropriate,  snail  be  used;  however,  when  the 
maximum  degree  of  dark  adaptation  is  required,  low  brightness  red 
light  (greater  than  620  nm)  shall  be  provided.  Where  multiple  displays 
are  grouped  together,  the  displays  .hall  have  brightness  uniformity  so 
that  all  appear  of  equal  brightness  across  the  range  of  full  ON  to  full 

OFF. 

1 

1 

5.2. 1 .2  Information  - 

5. 2. 1.2.1  Content  -  The  information  displayed  to  an  operator  shall  be 
limited  to  that  which  is  necessary  to  perform  'pecific  actions  or  to 
make  decisions. 

i 

5.2. 1.2.2  Precision  -  Information  shall  be  displayed  only  to  the  degree 
of  specificity  and  precision  required  for  a  spec’fic  operator  action  or 
decision. 

5.2. 1.2  This  section  is  about  in¬ 
formation  requirements. 

5.2. 1.2.1  Although  strictly  speak- 
I  ing  this  may  be  correct  there  are 
ocher  considerations  which  should 
be  brought  out. 

5.2. 1.2.3  Format  -  Information  shall  bo  presented  to  the  operator  in 
a  directly  useable  form.  (Requirements  for  transposing,  computing, 
interpolating,  or  mentai  translation  into  other  units  shall  be  avoided.) 

5. 2. 1.2. 2  This  statement  as 
written  might  conceivably  give 

Che  wrong  idea  about  scale  design 
in  relation  to  information  gran¬ 
ularity. 

5. 2. 1.2. 3  Minor  revision. 

5.2  VISUAL  DISPLAYS  - 


5.2.1  General  -  Visual  displays  are  used  for  a  wide  variety  Feel  this  amplification  helps  set 

of  purposes  such  as  sensing,  detection,  tracking  identification,  stage  for  following  detailed 

monitoring,  decision  making,  system  or  process  control,  and  requirements. 

pattern  recognition.  They  may  be  without  memory  and  present  only 
transient,  real-time  data,  or  may  have  memories  and  present  data 
accumulated  over  a  period  of  time.  A  direct  reading  meter  is  an 
example  of  a  transient  display  and  a  status  board  is  an  example 
of  a  memory  display.  Visual  displays  without  memory  should  be 
used  whenever  the  visual  channel  is  superior  for  sensing  and 
perceiving  transient  information  as  compared  with  other  sensory 
channels.  Visual  displays  with  memory  should  be  used  whenever 
it  is  desirable  to  allow  the  user  to  have  random  access  to  infor¬ 
mation  accumulated  over  a  period  of  time. 

5. 2. 1.1  Display  Illumination  -  The  full  range  of  operational  Increases  scope  and  definition 

conditions  snail  be  taken  into  account  in  designing  display  requirement, 

illumination.  A  display  which  must  be  operable  under  conditions 

varying  from  night  blackout  conditions  to  full  daylight  shall 
incorporate  the  necessary  illumination  features  to  allow  proper 
use  under  all  these  widely  varying  conditions.  A  display  which 
will  always  be  used  in  a  controlled  lighting  environment,  e.g.,  a 
command  control  center  may  need  to  satisfy  illumination  require¬ 
ments  only  for  the  ambient  conditions  of  that  task  environment. 

When  complete  dark  adaptation  is  required,  the  illumination  shall 
be  low-brightness  red  light  (greater  than.  620  nm) ;  when  only 
partial  adaptation  is  required  low  brightness  white  illumination 
may  be  used  as  appropriate  for  specific  applications. 


MFI  RECOMMENDED  MODIFICATION 


rationale/references 


5.2.1 .2  Information  Requirements 

5. 2. 1.2.1  Content  -  The  information  displayed  to  an  operator 
shall  be  limited  to  that  which  is  necessary  for  performing 
specific  actions,  monitoring  a  situation,  or  making  decisions  or 
assessments^  Extraneous  information  which  can  be  of  no  use  either 
in  normal  or  emergency  operation  shall  not  be  displayed. 

5. 2. 1.2. 2  Precision  -  Information  shall  be  displayed  only  to  the 
level  of  precision  which  is  operationally  meaningful  and  useful 
to  the  operator,  except  that  scale  designs  should  be  based  on 
logical  numerical  progressions  as  specified  in  5. 2. 3. 1.5.1. 

(E.g.,  inQa  system  in  which  antenna  position  is  known  onlv  to  the 
nearest  7  ,  the  best  scale  to  use  would  be  graduated  in  5°  inter¬ 
vals.) 

5. 2. 1.2.3  Format  -  Information  shall  be  presented  to  the  op¬ 
erator  in  a  directly  usable  form  whenever  practical  so  as  to 
minimize  the  requirements  for  transposing,  computing,  inter¬ 
polating,  conversion  of  units,  etc. 


5. 2. 1.2.1  Much  more  information 
may  be  presented  for  monitoring  a 
situation  than  might  be  obviously 
needed  for  specific  actions  or 
decisions.  Also  information  may 
need  to  be  presented  which  would 
not  normally  be  used  but  which 
would  be  essential  for  an  operator 
in  order  to  quickly  assume  emerg¬ 
ency  or  fall  back  duties. 

5. 2. 1.2. 2  Relates  information 
granularity  to  scale  progression. 

5-2. 1.2. 3  Practicability  clause 
added . 


J 


ORIGINAL  REQUIREMENT 


fa»cti„,„  U",eS!  “V  •">  'owrttle 

Mm,'*  T^rs^Tfs3rlp^r;™i?'a?;,s!:s:' 66  ™  m 

to  the  ooe-a tor.  '  P  ^  ,rcJJt  will  be  immediately  apparent 

shell 'not  of  **  display  circuit 

,ure  ,n  Lfle  equipment  associate-.!  with  the  display. 

s i mi  1  a r  ma rHngs^o t"^Tated"*o  tn^o^'V^  con,p3r,v  na(nes  or  other 
Played  on  the  panel  face?*  *  C  Pone'  funct,on  sha:i  nct  be  <Hs- 


MFI  COMMENTS 


This  statement  leaves  the  user  with 
the  impression  that  redundancy  is 
generally  undesirable  and  should  be 
.  avoided  unless  it  can  be  related 
j  to  a  "specified"  reliability. 


Paragraphs  5. 2. 1.2. 5  and  5. 2. 1.2. 8 
require  minor  revision.  Paragraph 
r  1 .2.7  should  be  deleted  because 
|  it  is  really  an  engineering  design 
t  matter  rather  chan  a  human  engineer- 
j  mg  mac  ter.  Paragraph  j.2. 1  2.6 
'  needs  amplification. 


MFI  RECOMMENDED  MODIFICATION  RATIOMALc/REFERENCES 

5. 2. 1.2. 4  Redundancy  -  Redundancy  of  information  appears  in  The  revision  indicates  that  redun- 

systems  by  presenting  the  same  information  in  two  or  more  dancy  may  be  constructively  util- 

different  places,  at  two  or  more  different  times,  or  under  two  ized  in  several  ways,  but  it  should 

or  more  different  encoding  techniques.  Redundancy  may  be  be  avoided  if  not  purposeful, 

constructively  utilized  to  facilitate  pattern  recognition, 

enhance  detectability,  provide  back-up  capability,  speed  up  5. 2. 1.2. 5  It  is  not  irooortant  that 

information  retrieval,  and  increase  reliability  in  information  the  functions  be  comparable,  but  it 

processing.  Redundancy  shall  be  avoided,  however,  if  it  simply  is  essential  that  both  the  operator 

increases  the  volume  of  information  which  must  be  displayed  and  and  maintainer  get  the  information 

processed  without  obvious  constructive  purpose.  they  need,  and  get  it  in  a  timely 

manner. 

5. 2. 1.2. 5  Combining  Operator/Maintainer  Information  -  Operator 

and  maintainer  information  shall  not  be"  combined  in  a  single  dis-  5. 2. 1.2. 6  This  revision  provides 

play  unless  the  information  content  and  format  are  well  suited  greater  specificity  than  the 

to,  and  time  compatible  for  both  users.  original. 

5. 2.1. 2. 6  Display  Failure  Indication  -  Displays  shall  be  so  5. 2. 1.2. 7  (5. 2. 1.2. 8  in  the 

designed  that  failure  of  the  display  itself  or  of  the  associated  original).  Some  standards  call  for 
display  circuitry  will  be  readily  apparent  to  the  operator  by  identifying  markings  to  appear  on 

a  suitable  technique  such  as  one  or  more  of  the  following.  instruments.  This  should  be  accept¬ 

able  provided  the  markings  are  not 

a.  The  display  illumination  is  extinguished  obvious  and  would  not  be  confused 

with  function  labels. 

b.  The  display  sweep  stops  scanning 

c.  A  failure  indicator  is  energized 

5. 2. 1.2.7 _  Unrelated  Markings  -  Trademarks  and  company  names  or 
other  similar  markings  not  related  to  panel  function  shall  not 
be  displayed  on  the  panel  face,  or  if  displayed,  shall  be  clearly 
differentiable  from  panel  labels  and  markings  having  to  do  with 
function.  If  the  unrelated  markings  are  displayed  at  all,  they 
should  be  displayed  with  reduced  character  size  and  diminished 
contrast  so  as  to  reduce  their  conspicuity  in  comparison  with  the 
other  markings . 
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5.2. 1.3  Location  and  Arrangement  - 

5. 2. 1.3.1  Accuracy  -  Displays  shall  be  located  and  designed  so  that 
they  may  be  read  to  the  degree  of  accuracy  required  by  personnel  in  the 
normal  operating  or  servicing  positions. 

5.2.1. 3. 2  Access  -  Ladders,  supplementary  lighting,  or  other  special 
equipment  should  not  be  required  in  order  tc  gain  access  to  or  to  read 
a  display. 

5.2. 1.3.3  Orientation  -  Disp'ay  races  shall  be  perpendicular  to  the 
operator's  normal  line  of  sicht  whenever  feasible  and  shall  not  be  ’ess 
than  45°  from  the  normal  line  of  sight  (see  Figure  1).  Parallax  shall 
be  minimized. 

5. 2. 1.3. 4  Reflection  -  Displays  shall  be  constructed,  arranged,  and 
mounted  tc  prevent  reduct'ori  information  transfer  due  to  the  reflec¬ 
tion  of  the  ambient  illumination  from  the  display  cover.  Reflection  of 
instruments  and  consoles  in  windshields  and  other  enclosures  shall  be 
avoided.  If  necessary,  techniques  (such  as  shields  and  filters)  shall 
be  employed  to  insure  that  system  performance  will  not  be  degraded. 

5. 2. 1.3. 5  Vibration  -  Vibration  cf  visual  displays  shall  not  degrade 
user  performance  beTow  the  level  required  for  mission  accomplishment 
(see  para  5. 8. 4. 2). 

5. 2. 1.3. 6  Grouping  -  All  displays  necessary  to  support  an  operator 
activity  or  sequence  of  activities  shall  be  grouped  together 

5. 2. 1.3. 7  Function  and  Sequence  -  Displays  shall  be  arranged  in  rela¬ 
tion  to  one  another  according  to  their  sequence  of  use  or  the  functional 
relations  of  the  components  they  represent.  They  shall  be  arranged  in 
sequence  within  functional  groups  whenever  possible  to  provide  a  viewing 
flow  from  left  to  right  or  top  to  bottom. 


5. 2. 1.2. 6  through  5.2.1.2.10  The 
material  in  these  paragraphs  should 
be  moved  to  the  control-di splay 
integration  section,  (new  5.1.2) 
except  for  5. 2. 1.3. 5,  "Vibration"  — 
because  all  of  these  requirements 
apply  to  controls  as  well  as  displays. 
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5.2. 1.3.8  Frequency  of  Use  -  Display;  used  most  frequently  should  be 
grouped  together  and  placed  in  the  optimum  visual  zone  (see  Figure  2). 

5. 2. 1.3. 9  Importance  -  Very  important  or  critical  displays  shall  be 
placed  in  a  privileged  position  in  the  optimum  projected  visual  zone 
or  otherwise  highlighted. 

5.2.1.3.10  Consistency  -  The  arrangement  of  d’Splays  shall  be  consistent 
in  principle  from  application  to  application,  within  the  limits  specified 
herein. 

5.2.1.3.11  Maximum  Viewing  Distance  -  The  viewing  distance  from  the 
eye  reference  point  to  displays  located  close  to  their  associated  con¬ 
trols  shall  not  exceed  28  inches  (710  mm).  Otherwise,  there  is  no 
maximum  limit  other  than  that  imposed  by  legibility  limitations,  which 
shall  be  compensated  for  by  proper  design.  NOTE:  A  30-inch  (760  mm) 
clearance  is  required  when  using  ejection  seats. 

5.2.1.3.12  Minimum  Viewing  Distance  -  The  effective  viewing  distance 
to  displays,  with  the’ exception  of  cathode  ray  tube  displays  (see 

5. 2.4. 2)  and  collimated  displays,  shall  never  be  less  than  13  inches 
(330  mm)  and  preferably  not  less  than  20  inches  (510  m) . 

5.2.1.3.13  Aircrew  Station  Signals  -  Signals  for  aircrew  stations 
shall  be  in  accordance  with  Mll-STD-411.  Human  Engineering  design  for 
other  members  of  the  crew  who  occupy  positions  in  the  eir  vehicle  other 
than  on  the  flight-deck  (such  as  in  multi-engined  specialized  aircraft) 
shall  be  in  accordance  with  the  criteria  in  this  standard.  (See  5.14.2.1.) 
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Display  Location  and  Arrangement  -  Display  Location  and 
arrangement  shall  be  in accordance  with  the  factors  identified  ii 
section  5.1.2,  General  Arrangement  Factors,  and  the  following 
additional  r  irements  specific  to  displays.  Limits  on  display 
location  are  i so  defined  in  Figures  1  and  2. 

5. 2. 1.3.1  Accuracy  -  Displays  shall  be  located  and  designed  so 
that  they  may  be  read  to  the  degree  of  accuracy  required  by 
operating  and  servicing  personnel  when  they  occupy  expected 
nominal  working  positions.  Consideration  shall  be  given  to 
viewing  distance,  viewing  angle,  illumination  and  possible  inter¬ 
vening  obstacles. 


Access  -  Visual  displays  should  be  visually  accessible 
Le  use  of  ladders,  flashlight  or  other  special 


5. 2. 1.3. 2  _ 

without  resorting 
equipment  in  order  to  read  the  display 


5. 2. 1.3. 3  Orientation  -  Reading 'errors  due  to  parallax  shall 
be  minimize'!  by’  positioning  display  faces  perpendicular  to  the 
operator’s  normal  line  of  sight  (see  Figure  lj,  or  not  less  than 
£5°  from  the  normal  line  of  sight. 

5.2. 1.3.4  Reflection  -  Displays  shall  be  constructed,  arranged, 
positioned,  "shielded,  and/or  cover  glass  created  to  minimize 
loss  of  information  transfer  due  to  reflections  (ambient  light, 
reflection  of  the  oeprator  or  other  objects  within  the  viewing 
envelope).  Reflection  of  instrument  faces  in  windshields  or 
other  critical  viewing  windows  shall  be  avoided.  If  necessary, 
special  display/iliumm^rion  filtering  techniques  shall  be  used 
to  insure  that  system  performance  will  not  be  degraded. 

5.2. 1.3.5  Vibration  -(Use  original  material  from  5.2.1.3.5.J 


A  new  Fig  2  is  provided. 

The  constraining  variable  are 
identified. 


Broader  and  more  explicit. 


Identifies  intent  first. 


Needed  pointer  added. 


! 


A 


A  -  Optimum  envelope  when  operator  must  concentrate  on  primary  visual 
object  yet  needs  to  pick  up  peripheral  signal. 

B  -  Maximum  envelope  within  which  peripheral  signals  may  be  detected 
without  eye  movement. 

C  -  Maximum  envelope  when  head  is  fixed  but  eyes  are  free  to  rotate. 

D  -  Maximum  envelope  when  both  head  and  eyes  are  free  to  rotate. 


Note:  Normally  the  nominal  eye  reference  axis  is  about  15  degrees  down 
from  the  horizontal  as  shown  above.  However,  the  nominal  axis 
may  be  different  depending  on  the  position  of  a  primary  display 
that  may  have  to  be  located  other  than  according  to  the  normal 
relaxed  eye  reference  (i.e.,  due  to  other  physical  constraints 
such  as  the  dash  board  of  a  vehicle-). 


Figure  2  -  Visual  Field  Design  Reference  Criteria 
(Revised) 
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5. 2. 1.3. 6  Viewing  Distance  -  Display  location  relative  to  the 
operator  depends  on  several  factors,  i.e.,  display  detail,  size, 
and  illumination  vs  nominal  viewing  distance,  and  whether  the 
operator  must  have  manual  contact  wit.h  the  display.  Displays 
shall  not  be  located  so  far  from  the  operator  that  displayed  de¬ 
tail  cannot  be  recognized  or  read,  nor  shall  the  display  be  placed 
so  close  to  the  operator  that  visual  accommodation  becomes  diffi¬ 
cult  and  tiring.  The  following  criteria  shall  apply: 

a.  Viewing  distance  from  the  eye  reference  point  of  dis¬ 
plays  located  close  to  associated  controls  shall  not 
exceed  28  inches  (71.1  cm). 

b.  Minimum  viewing  distance  should  not  be  less  than  13 
inches  (33.0  cm)  and  preferably  not  less  than  16  inches 
(40.6  cm) . 

5. 2. 1.3. 7  Aircrew  Station  Signals  -  Use  original  material  in 
5.2,1.3.13] 


Expanded  preparatory  information 
so  the  criterion  statements  will 
be  more  clearly  understood. 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipment 
Designers,  1966,  p.  2-129. 

Professional  Judgment; 

Ref:  NAVSHIPS  Display  Illumination 
Design  Guide  (NELC  TD  223), 
1973,  Sect.  2. 
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5.2. 1.4  Coding  - 

5.2. 1.4.1  Objectives  -  Coding  techniques  shall  be  used  to  facilitate: 

a.  Discrimination  between  individual  displays 

b.  Identification  of  functionally  related  displays 

c.  Indication  of  relationship  between  displays 

d.  Identification  of  crit  » 1  in  formation  within  a  display. 

5.2. 1.4.2  Techniques  -  Displays  shall  be  coded  by  color,  size,  location, 
shape,  or  flash  coding,  as  applicable. 

5.2. 1.4.3  Standardization  -  All  coding  within  the  system  shall  be  uni- 
rorm  and  shall  be  established  by  agreement  with  the  procuring  activity. 


General  information  transfer 
enhancement  occurs  when  internal 
instrument  coding  is  used. 


Important  that  designer  utilize 
alreaay-established  codes  too! 


rationale/references 


_ MF1  recommended  modification 

5. 2. 1.4  Coding  of-  Visual  Displays  '  ~  ~ 

5. 2. 1.4.1  Objectives  -  I 

[Add  -] 

"  •  -  be  discrim- 

5-2. 1.4.2  Tsch-tq...  -[Displays  „,y  instead  of  shall)..  1 

5  2  111  . .  J  bhould  not  be  mandatory. 


5.2.2  Transi'] laminated  Displays  - 

5.2.2. 1  General  -  The  following  three  general  types  of  trans  illuminated 
displays  should  be  considered: 

a.  Single-  and  muUiple-legend  lights,  which  present  information 
in  the  form  of  meaningful  words,  numbers,  symbols,  and  abbreviations. 

o.  Simple  indicator  lights,  such  as  pilot,  bull  ‘s-eye,-and 
jewel  lights. 

c.  Transi! luminated  panel  assemblies,  which  present  qualitative 
status  or  system  readiness  information. 


Although  term  "transillummated' 
may  be  useful,  it  is  not  suffic¬ 
iently  recognized  to  be  used  as 
a  title. 


Signal  lights? 


5. 2. 2. 1.1  Use  -  Transilluminated  indicators  should  be  used  to  display 
qualitative  information  to  the  operator  (primarily,  information  that 
requires  either  an  immediate  reaction  on  the  part  of  the  operator,  or 
that  his  attention  be  called  to  a.i  important  system  status}.  Such  in¬ 
dicators  may  also  be  used  occasionally  for  maintenance  and  adjustment 
functions. 

5.2.2. 1.2  Equipment  Response  -  Lights,  including  those  used  in  illumi¬ 
nated  push  buttons ,  sha i  1  display  equipment  response  and  not  merely 
control  position. 

5. 2. 2. 1.3  Information  -  Lights  and  related  indicators  shall  be  used 
sparingly  and shall  display  only  that  information  necessary  for  effec¬ 
tive  system  operation. 

5. 2. 2. 1.4  Positive  Feedback  -  The  absence  or  extinguishment  of  a  sig¬ 
nal  or  visual  indication  shall  not  bo  used  to  denote  a  "go-ahead", 
"ready",  "in-tolerance",  or  completion  condition,  nor  shall  such 
absence  be  used  to  denote  a  "malfunction",  "no-go",  or  "out-of-tolerance" 
condition;  however,  the  absence  of  a  "Power  On"  signal  or  visual  indi¬ 
cation  shall  be  acceptable  to  indicate  a  "Power  Off"  condition.  Changes 
in  display  status  shall  signify  changes  in  functional  status  rather 

than  results  of  control  actuation  alone. 


Minimally  informative. 


Too  simplistic  to  address  broad 
range  of  applications. 


Really  needs  to  emphasize  point 
of  "too  many  lights". 
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5.2.2. 1.5  Grouping  -  Master  caution,  master  warning,  master  advisory 
and  summation  lights  used  to  indicate  the  condition  of  an  entire  sub¬ 
system  shall  be  set  apart  from  the  lights  which  show  the  status  of  the 
subsystem  components,  except  as  required  under  paragraph  5. 2. 2. 1.8. 


This  is  not  universally  so.  Also 
the  title  should  reflect  main 
subject,  i.e.,  "Mas tor”  warning 
Lights . 


5.2.2. 1 .6  Location  -  When  a  transilluminated  indicator  is  associated 
with  a  control,  the  indicator  light  shall  be  so  located  as  to  be  imme¬ 
diately  and  unambiguously  associated  with  the  control  and  visible  to 
the  operator  during  control  operation. 

5. 2. 2. 1.7  Location,  Critical  Functions  -  For  critical  functions,  in¬ 
dicators  shaTT  be~  located  wi  thiTTTS'''  of  the  operator's  normal  line  of 
sight  (see  Figure  2).  Warning  lights  shall  be  an  integral  part  of,  or 
located  adjacent  to,  the  lever,  switch,  or  other  control  device  by  which 
the  operator  is  to  take  action. 


Inadequate  coverage. 


This  should  be  combined  with 
5. 2. 2. 1.6. 


5. 2. 2. 1.8  Maintenance  Displays  -  Indicator  lights  used  solely  for  main¬ 
tenance  and  adjustment,  and  referred  to  infrequently ,  shall  be  covered 
or  non-visible  during  normal  equipment  operation,  but  shall  be  readily 
accessible  when  required. 


"Non  visible"  not  always  necesssr; 
or  practical. 


5. 2. 2. 1.9  Luminance  -  The  luminance  (brightness)  of  transilluminated 
displays  shall  be  compatible  with  the  expected  ambient  illuminance 
level,  and  shall  be  at  least  10%  greater  than  the  surround  luminance. 

5.2.2.1.10  Luminance  Control  -  When  displays  will  be  used  under  varied 
ambient  illuminance,  a  dimming  control  shall  be  provided.  The  range  of 
the  control  shall  permit  the  displays  to  be  legible  under  all  expected 
ambient  illuminance.  The  control  shall  be  capable  of  dimming  the  dis¬ 
play  from  full  CN  to  full  OFF. 

5.2.2.1.11  Reflection  -  Provision  shall  be  made  to  prevent  direct 
and/or  reflected  sunlight  from  making  indicators  appear  illuminated 
when  they  are  not,  or  to  appear  extinguished  when  they  are  illuminated. 

5.2.2.1.12  Contrast  Within  the  Indicator  -  The  luminance  contrast  within 
the  indicator  shall  be  at  least  50fTSee  3.18).  For^aircraft  or  other 
low  ambient  illumination  applications  (e.g.,  Mll-L-25467) ,  this  ratio 
should  be  at  least  90/,  (see  3.18),  with  the  background  luminance  less 
than  the  figure  luminance. 


This  needs  expansion  to  make  sure 
designer  recognizes  all  variables 
chat  also  have  ro  be  considered. 
Otherwise  he  will  not  b-y  prepared 
for  ensuing  sec  of  requirements . 


Omits  problem  of  "self  reflection 
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5.2.2.1.13  Lamp  Redundancy  -  For  incandescent  displays  cr  for  other 
than  a i rborne  applications,  lamps  shall  be  provided  that  incorporate 
filament  redundancy  or  dual  bulbs,  so  that  when  one  filament  or  bulb 
fails,  the  intensity  of  the  light  shall  decrease  sufficiently  to  indi¬ 
cate  the  need  for  lamp  replacement,  but  not  so  much  as  to  degrade 
operator  performance. 

5.2.2.1.14  Lamp  Testing  -  When  indicator  lights  using  incandescent  bulbs 
are  installed  on  a  control  panel,  a  master  light  test  control  shall  be. 
incorporated.  When  applicable,  design  shall  allow  testing  of  all  con¬ 
trol  panels  at  one  time.  Panels  containing  three  or  fewer  lights  may 

be  designed  for  individual  press-tc-test  bulb  testing.  Circuitry  should 
be  designed  to  test  the  operation  of  the  total  indicator  circuit,  if 
dark  adaptation  is  a  factor,  a  means  for  reducing  total  indicator  light 
brightness  during  test  operation  shall  be  provided. 

5.2.2.1.15  Lamp  Removal,  Method  -  Where  possible,  provisions  shall  be 
made  for  lamp  removal  from  tne  front  of  the  display  panel  without  the 
use  of  tools,  or  by  some  other  equally  rapid  and  convenient  means. 

5.2.2.1.16  Lamp  Removal,  Safety  -  Display  circuits  shall  be  designed 

so  that  bulbs  may  be  removed  and"  replaced  while  power  is  applied  without 
causing  failure  of  indicator  circuit  components  or  imposing  personnel 
safety  hazards. 

5.2.2.1.17  indicator  Covers  -  Legend  screen  or  indicator  cover;  snail 
be  designed  tc  prevent  inadvertent  interchange  or  a  means  shall  be  pro¬ 
vided  for  checking  the  covers  after  installation  to  insure  they  are 
properly  installed. 

5.2.2.1.18  Color  Coding  -  With  the  exception  of  aircrew  station  signals 
which  shall  conform  to  MIL-STD-411,  and  training  equipment  which  shall 
conform  to  MIL-T- 23991,  transilluminated  light  emitting  diode  (LED)  and 
incandescent  displays  shall  conform  to  the  following  color  coding 
scheme,  in  accordance  with  Type  I  -  Aviation  colors  of  MIL-C-25050. 

a.'  RED  shall  be  used  to  alert  an  operator  that  the  system  or  any 
portion  of  the  system  is  inoperative,  or  that  a  successful  mission  is 
not  possible  until  appropriate  corrective  or  override  action  is  taken. 
Examples  of  indicators  which  should  be  coded  RED  are  those  which  dis¬ 
play  such  information  as  "no-go",  "error",  "failure",  "malfunction",  etc, 
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b.  FLASHING  RED  shall  be  used  only  to  denote  emergency  conditions 
which  require  operator  action  to  be  taken  without  undue  delay,  to  avert 
impending  personnel  injury,  equipment  damage,  or  both. 

c.  YELLOW  shall  be  used  to  advise  an  operator  that  a  condition 
exists  which  is  marginal.  YELLOW  shall  also  be  used  to  aiert  the 
operator  to  situations  where  caution,  recheck,  or  unexpected  delay  is 
necessary. 

d.  GREEN  shall  be  used  to  indicate  that  the  monitored  equipment 
is  in  tolerance  or  a  condition  is  satisfactory  and  that  it  is  ell  right 
to  proceed  (e.g.r  "go-ahead",  "in-tolerance",  "ready”,  "function  acti¬ 
vated",  "power  or.",  etc.). 

e.  WHITE  shall  be  used  to  indicate  system  conditions  that  do  not 
have  "right"  or  "wrong”  implications,  such  as  alternative  functions 
(e.g.,  Missile  No.  1  selected  for  launch,  etc.)  or  transitory  conditions 
(e.g.,  action  or  test  in  progress,  function  available),  provided  such 
indication  does  not  imply  success  or  failure  of  operations. 

f.  3LUE  may  be  used  for  an  advisory  light,  but  preferential  use 
of  BLUE  should  be  avoided. 


5.2.2.1.19  Flashing  lights  -  The  use  of  flashing  lights  shall  be  mini¬ 
mized.  Flashing  lights  may  be  used  only  when  it  is  necessary  to  call 
the  operator's. attention  to  some  condition  requiring  action,  the  flash 
rate  shall  be  within  3  to  5  flashes  per  second  with  approximately  equal 
amounts  of  OH  and  OFF  time.  The  indicator  shall  be  so  designed  that, 
if  it  is 'energized  and  the  flasher  device  fails,  the  light  v/ils  iilunn- 
nate  and  burn  steadily  (see  5. 3. 2. 4). 


There  are  numerous  conflicts  with 
this  flash  rate.  We  suggest 
modification  except  when 
"attention-getting"  is  critical. 
Should  ref  other  standards  re; 
signal  lights. 
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5.2.2  Light-Generated  Displays 

5.2.2. 1  General  -  Light-generated  displays  (hereinafter  referred 
to  as  "transilluminated  displays”)  mny  be  used  to  indicate  system, 
equipment  and/or  control  condition.  The  following  general  types 
should  be  considered: 


This  more  adequately  describes 
the  scope. 


a.  Single-  and  multiple-legend  lights,  which  present  infor¬ 
mation  in  the  form  of  meaningful  words,  numbers,  symbols, 
and  abbreviations . 

b.  Simple  indicator  lights,  such  as  pilot  lights,  bull’s- 
eye  or  jewel  lights,  and  exterior  signal  lights. 

c.  Transilluminated  panel  assemblies,  which  present  qual¬ 
itative  status  or  system  readiness  information. 


5. 2. 2. 1.1  Application  -  Transilluminated  displays  should  be  used 
when  the  "attention-getting"  value  of  an  illuminated  vs  non- 
illuminated  display  is  needed  to  increase  the  liklihood  chat  the 
operator  will  attend  to  the  conditional  or  functional-  information 
in  a  timely  fashion.  Except  for  certain  cases  (i.e.,  equipment 
Power-ON  pilot  light),  an  "illuminated"  display  shall  indicate  a 
positive  system  response,  i.e.,  the  absence  or  extinguishment  of 
a  light  shall  not  be  used  to  denote  "go-ahead",  "ready",  "in¬ 
tolerance",  "condition  completion",  and/or  "no-go"  or  "out-of¬ 
tolerance"  condition. 


This  clarifies  the  purpose  and 
establishes  application  objectives 
and  limitations. 


5. 2. 2. 1.2  Equipment  Response  -  Generally,  equipment  state  rather  This  broadens  the  conditions  tc 
than  control  position  or  condition  shall  be  displayed,  considering  be  addressed, 
the  following: 

a.  Equipment  state  should  always  be  continually  displayed. 

b.  Control  actuation  should  be  transiently  displayed. 

c.  'Control  setting  should  be  continuously  displayed  if  it 
can  be  at  variance  with  equipment  state,  e.g.,  ah  "in- 
transit"  condition  should  remain  ON  until  the  system 
state  is  consistent  with  the  control  state  (except  for 
in-transit  durations  shorter  than  the  operator's  response 
time.) 
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rationale/references 


Original  was  unnecessarily  limiting, 
and  couldn't  be  justified  in  all 
applications.  This  expands  the 
concept  so  it  is  more  universally 
applicable. 


MFI  RECOMMENDED  MODIFICATION 


5. 2. 2. 1.3  Number  of  Displays  -  Due  to  the  distracting  character-  Title  change  more  to  the  point, 
istics  of  light-generated  displays,  such  displays  should  be  used 

sparingly  and  shall  display  only  that  information  necessary  for 
effective  system  operation. 

5. 2. 2. 1.4  Master  Warning,  Caution  and  Advisory  Lights  -  Master  Original  was  unnecessarily  limiting, 

warning,  caution  and/or  advisory  lights  nay  "be  usea  to  indicate  and  couldn't  be  justified  in  all 
the  condition  of  an  entire  subsystem,  i.e.,  when  space  limitations  applications.  This  expands  the 
preclude  location  of  an  entire  set  of  condition  indicators  in  the  concept  so  it  is  more  universally 

preferred  viewing  area,  a  master  light  indicator  should  be  loca-  applicable. 

ted  in  the  preferred  viewing  position,  to  indicate  to  the  operator 
that  one  or  more  of  the  "condition"  indicators  has  been  activated 
(the  latter  being  grouped  in  a  less  critical  area  of  the  work¬ 
space  or  control  panel),  except  as  required  in  5.2.2.J.6. 

5 . 2 . 2 . 1 . 5  Location  of  Transit lumina tea  Displays 

a.  When  an  indicator  is  associated  with  a  control,  the  Brings  in  exceptions.  Otherwise 

indicator  light  shall  be  so  located  as  to  be  immediately  we  would  have  unnecessary  conflicts 
and  unambiguously  associated  with  the  control  and  visible  with  AFSCM  80-1  (HIAD) . 

to  the  operator  during  control  operation  (except  when  the 
light  is  in  an  integral  part  of  special  control  handles 
viz;  aircraft  flight  controls). 

b.  Critical  function  indicators  (e.g.,  safety-related  Master  This  key  point  was  not  in  the 
Warning  Lights)  shall  be  located  within  15°  of  the  op-  original. 

eratorrs  normal  line  of  sight  (see  Figure  2),  except  as 
indicated  in  (a)  above. 


5. 2. 2. 1.6  Maintenance  Displays  -  Indicator  lights  used  solely 
for  maintenance  (not  required  ry  the  operator)  shall  be  covered 
or  made  less  conspicuous  during  normal  operation  (i.e.,  they  are 
not  illuminated  except  when  actual  maintenance  is  being  performed), 
Covered  elements  shall  be  easily  accessible  when  required. 

3. 2. 2. 1.7  Display  Luminance  and  Visibility 

f 

5. 2. 2. 1.7.1  Luminance  -  The  luminance  (brightness)  of  trans- 
illuminated  displays  shall  be  compatible  with  the  expected  range 
of  ambient  illuminances  associated  with  mission  operation  and/or 
servicing  and  maintenance  of  the  system  and  equipment.  The  follow¬ 
ing  Eactors  shall  be  considered-  in  determining  luminance  levels: 


Slightly  broadened. 


This  clarifies  the  total  picture 
of  luminance. 
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rationale/references 


a.  Within-display  contrast,  i.e.,  contrast  between  light  ON 
vs  OFF  modes;  two-level  contrast  if  display  requires  a 
dormant  luminance  to  read  an  identifying  label,  plus  an 
active  luminance  increase  to  indicate  functioning  mode. 

b.  Display/Surround  contrast,  i.e.,  contrast  between  the 
illuminated  indicator  and  its  immediate  panel  surface, 
in  which  case  effects  of  ambient  reflection  on  either 
the  display  or  surround  shall  be  compensated  for  (i.e., 
by  increased  display  luminance,  surround  surface  modi¬ 
fication,  use  of  filters  or  shields,  etc.). 

c.  Operator  visual-adaptation  requirements,  i.e.,  display 
brightness  shall  be  compatible  with  the  operator's  re¬ 
quirement  to  detect  low-level  signals  or  targets  if. 
the  external  visual  environment,  and/or  perceive  faint 
signals  on  a  CRT  or  read  red-lighted  instruments  provided 
for  night  time  operation. 


d.  Conspicuity  and  attention-demand  requirements,  i.e., 

luminances  shall  provide  the  required  alerting  to  insure 
that  the  operator  will  not  miss  a  critical  warning, 
caution  or  advisory  message. 


e.  Distraction,  i.e.,  luminance  levels  shall  not  dazzle 
or  otherwise  distract  the  operator  in  a  manner  that 
could  be  detrimental  to  safe,  efficient  system  op¬ 
eration. 


5.2. 2. 1.7. 2  Brightness  Level  -  Brightness  of  the  illuminated 
indicator  shall  De  at  least  10%  greater  than  the  immediate  mount¬ 
ing  surface.  When  a  two-level  indicator  is  used',  the  difference 
between  the  dormant  and  illuminated  brightnesses  shall  be  approx¬ 
imately  2:1,  considering  always  the  factors  noted  in  5. 2.2, 1.7.1. 


Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Design, 
1$72,  p.  62. 


5.2. 2. 1.7. 3  Brightness  Control  -  When  displays  will  be  used  under 
varied  ambient  illuminance,  a'dimming  control  shall  be  provided. 

The  range  of  control  shall  permit  the  displays  to  be  legible  under 
all  expected  ambient  illuminance.  Dimming  from  "full-ON"  to  "full- 
OFF"  may  be  provided  in  certain  non-critical  operations,  but  shall 
not  be  used  if  inadvertent  failure  to  turn  on  an  indicator(s) 

would  lead  to  critical,  operator  failures,  i.e.,  failure  to  detect 
or  perform  a  critical  step  in  an  operation. 


This  adds  the  requirement  need  to 
prevent  operator  from  turning 
off  critical  displays. 
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5-2. 2. 2.1  Application  -  Transillurainated  displays  containing  Clarifies  exceptions, 

legends  shall  be  used  in  preference  to  simple  indicator  lights 
except  in  certain  applications  such  as  Power  pilot  lights,  and/or 
vehicular  and  other  external  signalling  lights. 

5. 2. 2. 2. 2  Visibility  and  Legibility  -  Legends  shall  be  visible  To  eliminate  conflict  with  other 

to  the  operator  whether  or  not  the  Indicator  is  energized,  except  specs.  Also  encompasses  lettering 

in  warning  and  caution  indicators,  and  flight  crew  stations.  The  to  eliminate  separate  par. 

size  and  other  characteristics  of  lettering  used  for  legends  shall  5. 2. 2,2. 3. 
conform  to  5.5  herein,  or  as  otherwise  specified  by  the  procuring 

activity.  See  MIL-STD-411  and  MIL-T-23991. 

5. 2. 2. 2. 3  Color  Coding  -  Legend  lights  may  be  color  coded.  If 
used,  colors  shall  conform  to  the  following  criteria: 

a.  Use  of  RED,  YELLOW,  GREEN  or  BLUE  shall  conform  to  re¬ 
quirements  in  5-2. 2. 1.8  ^originally  5-2.2.1.18J  . 

b.  Other,  "pal?."  colors  may  be  used  as  a  means  of  providing  j  An  acceptable  practice, 

visual  differentiation  between  and  among  single  and  ! 

grouped  indicators.  Such  coding  colors  shall  not  con-  j 
flict  with  colors  in  (a),  nor  materially  reduce  the  ; 

legibility  of  legends.  Approval  for  such  coding  shall 
be  obtained  from  the  procuring  activity. 

5. 2. 2. 2. 4  Display  Size  -  Choice  of  legend  indicator  size  and 
shape  shall  be  determined  on  the  basis  of  legend  legibility,  i.e., 
the  maximum  number  and  size  of  letters  or  symbols  required  for  a 
given  application.  There  shall  be  at  least  a  minimum  border 
around  each  legend  equalling  the  width  of  the  letter  *1!'  of  the 
selected  type  font.  Display  size  may  be  used  sparingly  as  a  cod¬ 
ing  device,  i.e.,  legend  lights  that  denote  personnel  or  equip¬ 
ment  disaster  may  be  discriminably  larger  chan  ocher  indicators. 

Typically  these  should  also  be  color  coded  and  where  appropriate, 
brighter  .than  other  indicators. 


This  is  an  important  addition 
based  on  current  experience  work¬ 
ing  with  designers.  Mainly 
because  of  current  fad  to  operate 
everything  by  push  buttons  and 
legend  lights. 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5.2. 2. 3  Simple  Indicator  Lights  - 

5. 2. 2. 3.1  Use  -  Simple  indicator  lights  should  be  used  when  design 
considerations  preclude  the  use  of  legend  lights. 

5. 2. 2. 3. 2  Spacing  -  The  spacing  between  adjacent  edges  of  simple  round 
indicator  light  fixtures  shall  be  sufficient  to  permit  unambiguous 
labeling,  indicator  interpretation,  and  convenient  bulb  removal. 

5.2. 2. 3. 3  Coding  -  Simple  indicator  lights  shall  be  coded  in  conform¬ 
ance  with  Table  T I ;  however,  the  different  s i 2 e s  shown  are  intended  only 
for  the  attention-getting  value  that  larger  lights  of  at  least  equal 
luminance  provide  in  relation  to  indicator  lights  of  lesser  importance. 


Too  limited! 


Should  not  bo  mandated! 


TABLE  II.  CODING  OF  SIMPLE  INDICATOR  LIGHTS 


SIZE/TYPE 

COLOR  | 

RED 

YELLOW 

GREEN 

WHITE 

1/ZINCHI13rr,m) 

DIAMETER  or 

SMALLER /STEADY 

Molfunction;  odion 
slopped;  failure; 
step  ocfi'on. 

Delay;  cheek; 
recheck. 

Co  aheod;  in 
toleronce;  acceptable; 
reody. 

Functional  or 
physical  position; 
action  in  progress. 

1-INCH  (»mm) 

DIAMETER  or 
LARCER/STEADY 

Master  summotic 
(system  or 
subsystem}. 

Extreme  caution 
(impending  danger). 

Master  summation 
(system  or  subsystem). 

1-INCH  I25mml 

DIAMETER  or 
LARCER/FLASHING 
(3  to  5/ toe.) 

Emergency  condition 
(impending  personnel 
or  equipment 
disaster). 

MF1  RECOMMENDED  MODIFICATION 


rationale/references 


5 .2. 2. 3  Simple  Indicator,  Signal  and  Identification  Lights 


Title  expansion  considered  desirable. 


5. 2. 2. 3.1  Application  -  Simple,  non-legend  light  displays  may  be 
used  when  design  considerations  make  legend  light  displays  im¬ 
practical,  e.g.: 


This  expansion  is  more  representative 
of  the  applications  scope. 


a.  Small  size  of  pilot  light  precludes  legend  or  symbol 
imprint  on  display  surface.  Application  primarily  for 
Power-ON-OFF  indication. 

b.  Small  equipment  indicator,  e.g.,  light  to  indicate  radio 
is  in  AM  vs  FM  mode. 

c.  Vehicular  panel  indicator,  e.g.:  "high  beam"  -headlight 
mode,  left/right  "turn  signal  indication",  etc. 

d.  External  vehicle  identification/mode  lights,  e.g,:  rear 
caution/stop/backup/turn  lights,  vehicle  perimeter  warn¬ 
ing  lights,  and  "blackout"  lights,  aircraft  position 
lights,  navigation  lights,  anti-collision  lights. 

e.  Ground-based  beacons,  airport  runway,  taxiway,  obstacle 
warning  and  roadway  signal  lights. 

f.  Marinecraft  position,  navigation  and  signalling  lights. 


5. 2. 2. 3. 2  International  Conventions  and  Standards  -  International  This  is  a  key  point  not  recognized 

conventions  and  standards  for  aircraft,  highway'  vehicle,  and  in  original, 

marinecraft  shall  be  followed  in  design,  location  and  luminance 

characteristics  of  all  military  systems  utilizing  public  roadways, 

airways,  or  navigable  streams,  rivers  and  seaways. 


5, 2, -2.3. 3  Other  -  Simple  light  displays  used  on  operator  control 
panels  s hall  conform  to  the  following: 


a.  Location  and  Spacing  shall  be  such  that  lights  are 

visible  (i.e.,  not  obscured  by  an  intervening  control, 
operator's  hand,  or  at  an  angle  that  causes  the 
indicator  bezel  to  diminish  the  effectiveness  of  the 
light).  They  shall  also  be  far  enough  apart  so  that 
lamp  replacement  is  convenient. 


Added  conditions. 


34 


MF1  RECOMMENDED  MODIFICATION 


rationale/references 


b.  Brightness  shall  be  sufficient  for  the  operator  to  easily 
differentiate  between  an  ON  and  OFF  condition.  The  in¬ 
dicator  shall  also  be  designed  and/or  otherwise  posi¬ 
tioned  or  shielded  so  that  bright  ambient  light  will  not 
cause  the  indicator  to  appear  lighted  when  it  is  not, 
and/or  so  that  the  lighted  indicator  will  not  reflect  on 
other  critical  viewing  surfaces  and  thus  diminish  viewing 
effectiveness  of  a  display  or  window.  Brightness  of 
simple  light  indicators  shall  not  be  so  high  as  to  create 
"dazzle",  and/or  destroy  required  operator  dark  adapta¬ 
tion  where  required. 

c.  Size  coding,  if  used  shall  conform  to  criteria  presented 
in  Table  II.  Note:  The  different  sizes  indicated  in 
Table  II  are  intended  only  for  the  attention-getting 
value  that  larger  lights  of  at  least  equal  luminance 
provide  in  relation  to  indicator  lights  of  lesser  im¬ 
portance  . 

d.  Shape  coding  may  be  used  to  aid  the  operator  in  quickly 
identifying  a  function,  and/or  to  provide  additional 
information,  e.g.:  "arrow-shaped",  vehicle  turn  indicator 
lights  identify  the  direction  of  turn  (left  or  right). 


Clarification. 
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TABLE  II.  CODING  OF  SIMPLE  INDICATOR  LIGHTS 


SIZ.E/TYPE 


1/2INCH  (13mm) 
DIAMETER  o? 
SMALLER/STEADY 


Mol  function  ;  oction 
stopped;  foilure; 
itopoction. 


DeJoy ;  check; 
recheck. 


Co  oh  cod;  in 
toleionco;  occepfoble; 
ready. 


Functional  or 
physical  position; 
action  in  progress. 


MNCM  (25mm) 
DIAMETER  or 
LARCER/STEAOY 


Master  lummotiofl 
(system  or 
subsystem). 


Extreme  caution 
(impending  donger). 


Master  ^summotion- 
( system  or  subsystem). 


t-INCH  (25mm) 
DIAMETER  or 
LARGER/ FLASHING 
(3  to  5/ sec.) 


Emergency  condition 
(impending  personnel* 
or  equipment 
disaster). 


Note:  See  also 
5.2.2.1.14 
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^  A^pmh,{ot  -  Trans  illuminated  panel 
t’J h ^  present  whole  patterns  of  information,  should  be 

tion  ^  °r  presentation  of  data  f1°w  and  complicated  data  organi 


za 
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rationale/references 


5 .2. 2. 4  Trans illuminaced  Panel  Assemblies  ~  Trans  illuminated 
(integrally-lighted)  panel  assemblies  should  be  considered  for 
the  following: 


Rationale  for  this  expansion 
should  be  clear  from  the  material 
presented. 


a.  To  provide  illuminated  labels  for  a  control  panel. 


b.  To  provide  a  light  source  for  illuminating  transillum- 
inated  control  knobs. 


c .  To  provide  illuminated  association  markings  on  a  control 
panel,  e.g.,  connecting  lines  between  controls,  outlines 
around  a  functionally-related  group  of  controls  and/or 
displays,  etc. 


d.  To  create  a  "pictorialized"  representation  of  a  system 
process,  communication  network,  or  other  information/ 
component  organization. 


5. 2. 2. 4.1  Integrally-lighted  Sub  Panels  -  Integrally-lighted  sub¬ 
panels  shall  be  designed  so  tbat  all  panel  markings  are  equally 
visible  throughout  the  range  of  panel  light  level  adjustment;  and 
brightness  variation  among  separate  sub  panels  on  the  same  light¬ 
ing  circuit  shall  not  exceed  1:7. 

5. 2. 2. 4. 2  Large,  Single  Pictorial  Graphic  Panels  -  Large,  single 
pictorial  graphic  panels  used  to  display  system  processing,  com¬ 
munications  networks,  etc.  shall  comply  with  requirements  for 
visibility,  legibility,  color  and  illumination  as  specified  herein 


See  M1L-P-7788,  MIL-L-25467  and 
and  MIL-C -25050. 

Also:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Design,  1972, 

pi  55'. 


5. 2. 2. 4. 3  Re-Lamping  -  When  incandescent  lamps  are  used  as  the 
source  for  integral  lighting  of  panel  assemblies,  lamps  shall  be 
readily  accessible  without  removing  the  panel(s).  There  shall  be 
a  sufficient  number  of  lamps  provided  so  that  failure  of  one  lamp 
will  not  cause  the  display  to  be  unreadable. 

5. 2. 2. 4. 4  Brightness  -  Brightness  of  illuminated  panel  markings 
and/or  trans i Tlumxnated  controls  shall  be  compatible  with  the 
ambient  environment  and/or  the  operating  conditions  (e.g.,  dark 
adaptation  requirements).  Brightness  control  bjr  the  operator 
(dimming)  shall  be  provided  where  applicable  to  maintain  approp¬ 
riate  visibility  and/or  operator  dark  adaptation  level. 
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MF1  COMMENTS 


5.2.3  Scale  Indicators  - 
5.2.3. 1  General 


5. 2. 3. 1.1  Types  of  Scale  Indicators  -  The  types  of  scale  indicators 
that  should  be  considered  are: 


This  is  not  useful.  Should  start 
with  "Applications". 


a.  Moving-pointer,  fixed-scale,  circular,  curved  (arc),  horizon¬ 
tal  straight,  and  vertical  straight. 

b.  Fixed-pointer,  moving-scale,  circular,  curved  (arc),  horizon¬ 
tal  straight,  and  vertical  straight. 

5. 2. 3. 1.2  Appl ications  -  The  selection  of  scale  indicators  for  various 
applications  should  be  based  on  the  criteria  in  Table  III  as  well  as 
the  specific  criteria  contained  in  this  section.  Moving-pointer,  fixed- 
scale  indicators  shall  be  selected  in  preference  to  fixed-pointer, 
moving-scale  indicators.  The  latter  should  be  used  only  when  necessi¬ 
tated  by  operational  requirements  or  other  conditions,  and  when  approved 
by  the  procuring  activity. 

5. 2. 3. 1.3  Quantitative  Information  -  Scale  indicators  should  be  used 
to  display  quantitative  information  in  combination  with  qualitative 
information  (such  as  trend  and  direction-of-motion)  and  where  only 
quantitative  information  is  to  be  displayed  and  there  is  no  require¬ 
ment  (such  as  speed  and  accuracy  of  response)  which  demands  the  use 
of  printers  or  counters. 

5.2.3.1.il  Linear  Scales  -  Except  where  system  requirements  clearly 
dictate  nonlinearity  to  satisfy  operator  information  requirements, 
linear  scales  shall  be  used  in  preference  to  nonlinear  scales. 

5. 2. 3. 1.5  Scule  Markings  - 

5. 2. 3.1.5.,!  Graduations  -  Scale  graduations  shall  progress  by  1,  2, 
or  5  units  or  decimal  multiples  thereof. 

5.2.3. 1.5.2  Intermediate  Marks  -  The  number  of  minor  or  intermediate 
marks  between  numbered  scale  pointers  shall  not  exceed  nine. 


Table  III  needs  expansion  and  updating 


This  whole  section  is  too  "terse" 
an  p.on-informa tive .  It  needs 
illustrative  clarification  since, 
in  some  instances  words  become  too 
complies  ted  to  clarify  Lhe  basic 
intent. 
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5. 2. 3. 1.6  Numerals  - 

5. 2. 3. 1.6.1  Major  Harks  -  Except  for  measurements  that  are  normally 
expressed  in' decimals,  whole  numbers  shall  be  used  for  major  gradua¬ 
tion  marks. 

5. 2. 3. 1.6. 2  Starting  Point  -  Display  scale  shall  start  at  zero,  except 
where  this  would  be  inappropriate  for  the  function  involved. 

5.2. 3. 1.7  Pointers  - 

5. 2. 3. 1.7.1  Length  -  The  display  shall  be  designed  so  that  the  control 
or  display  pointer  will  extend  to,  but  not  obscure,  the  shortest  scale 
graduation  marks. 
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TABLE  III.  APPLICATION  OF  VARIOUS  TYPES  OF  MECHANICAL  DISPLAYS 


quantitative 

INFORMATION 


qualitative 

INFORMATION 


May  ba  difficult 
to  I— d  while 
point**  u  in 
motion. 


LouttM«l  pointer 
amy  Numbers  and 
•cal*  nMd  not  b* 
trnd.  PovUon 
chengt  easily 

dmctt «d. 


Simp**  and  (J<rtCT 
raiat>on  of  motion 
of  po.ntar  to  motion 
•f  setting  knob. 
Portion  change 
l<dl  monitonnf , 


Afar  tw  difficult 
to  read  while 
tola  n  tn 
motion. 


Difficult  to  judge 
direction  and 

magnitude  of 
deviation  without 
reading  numbers 
and  tee**. 


Relation  to  mo- 
t.oo  of  setting 
Knob  may  be 
ambiguous.  No 
pointer  position 
change  to  a*d 
monitoring .  Not 

readable  during 


Minimum  »ut*a  and 
arror  far  exact 
numerical  value. 


Numbers  MmI  be 
raed.  Position 
changes  not 
easrly  detected. 


Mott  accurate  mon- 
i tor mf  of  numerical 
setting ,  Relation  to 
motion  of  ret t my 
knob  lew  direct 
than  for  moving 
pointer.  Not  reed* 
able  during  rapid 


rapid  tatting. 

s*ftmg.- 

GOOD 

FAIR 

POOR 

Renter  position 
readily  controlled 

Irjtf  monitored. 

Srmptaal  reUfian 
lo  manual  control 

motion. 

No  position 
changes  lo  aid 
monitoring,  R*« 
totion  ta  control 
motion  wiwahai 
imblfuau*, 

Na  gross  position 
Changes  to  a*d 
monitoring 

Raduwos  tor ya it 
espurad  and  il* 
Kiimnolad  area  an 
parse  1.  Scale 
length  Manf 
wntaa  multipto 
painters  uaad. 

Sam  panel  spaaa. 

Only  small  section 
of  scale  .wad  ba 
exposed  and  il< 
tuimneted.  Usaof 
up*  allows  tong 
tepto. 

Most  econo  latoof 
of  space  and  si* 
famine  ti  or*.  Sotto 

toogift  iiokfad  . 

•My  by  number  of 
counter  drums. 

Minimum  time  and 
error  tar  tod 
numerical  value. 


POOR 

Numbers  must  be 


Canty  detected. 
Economical  ef 


Cheng**  net 
aeeity  detect* 


Limited 

epphration 


This  table  does  not  address  a  typical 
displa>  area  (pictorial  instruments); 
it  needs  to  address  another  use  area 
(e.g.,  pre-estimation);  and  the 
"General"  section  lacks  purpose, 
i.e.,  it  does  not  seem  to  be  applica¬ 
tions  oriented. 


MF1  RECOMMENDED  MODIFICATION 


RATIONALE/REFEREMCF.S 


5.2.3  Scalar  Indicators 


5 . 2 .3 . 1  General 


5.2.3 .1.1  Applications  -  (See  Table  III.)  Scalar  indicators 
should  be  used  in  preference  to  digital  readouts  when  the  data 
displayed  are  of  qualitative  as  well  as  quantitative  value  (e.g., 
when  trends,  direction  of  movement,  more-than/less-than  relation¬ 
ships  are  of  value  as  well  as  the  specific  numerical  value),  or 
of  qualitative  value  only.  Scalar  indicators  should  not  be  used 
when  the  primary  purpose  is  read  out  of  precise  quantitative 
information. 


We  believe  the  following  revisions 
and  additions  make  this  section 
more  complete,  definitive  and 
broadly  applicable  than  the 
original . 

Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Design, 

1972, thtt: — ***** - 


5. 2. 3. 1.2  Preferred  Type  -  The  preferred  type  of  scalar  indica¬ 
tor  for  most  applications  has  a  moving  pointer  and  a  fixed  scale. 
(The  scale  may  be  circular,  curved  (arc),  horizontal,  straight  or 
vertical  straight.)  With  this  type  of  scale  both  the  scale  pro¬ 
gression  and  control  movement  are  compatible  with  operator  expec¬ 
tancies  hence  it  can  be  used  effectively  wherever  a  scalar  indi¬ 
cator  is  required.  The  other  major  type  of  scalar  indicator  has 
a  fixed  pointer  and  a  moving  scale.  Because  there  is  always 
compromise  to  one  or  another  human  engineering  principles  in  use 
ot  this  design,  its  use  should  be  limited  to  the  following  appli¬ 
cations:  (a)  where  multiple  scales  can  be  lined  up  and  read  in  a 
row  or  column  (with  the  readout  values  always  appearing  in  the 
same  position — preferably  in  the  center  of  window  openings)  and/or 
(b)  where  speed  and  accuracy  of  setting  is  not  critical. 


The  preferred  format  idea  is  brought 
up  front. 


Exception  guidance  is  provided. 


5. 2. 3. 1.3  Scale  Linearity  -  Scales  should  be  graduated  linearly 
even  if  the  function  being  controlled  is  non-linear.  If  the  non¬ 
linearity  of  the  function  causes  too  much  scale  compression  making 
difficulty  in  readout  or  adjustment,  another  type  of  device  such 
as  a  moving  tape  indicator  would  be  preferred  over  use  of  a  non¬ 
linear  scale. 


Our  professional  judgment  is  that 
nor.-linear  scales  should  be  avoided 
in  military  equipment  because  of 
susceptability  to  misinterpretation. 


5. 2. 3. 1.4  Scale  Marking  and  Numberin, 


TABLE  III.  APPLICATION  OF  VARIOUS  TYPES  OF  MECHANICAL  DISPLAYS 


USE 

SCAUR  INDICATORS 

HO VI  DC  POlMTtS  1  HO VIHC  POWER 

HECKAXICAL  I  PICTORIAL 

COUNTERS  INSTRWENTS 

PRINTERS 

FIAC$ 

QI'AMTITaT  ?V£ 
INFORMATION 

FAIR  |  FAIR 

Difficult  to  read  while  {Difficult  to  read  .while 
pointer  is  inwtiui.  jscale  is  in  notion. 

j 

L  -  - 

GOOD 

Minima  ti*r  and  error  for 
exact  r>jserical  value,  but 
difficult  to  read  tdyn 
novirg. 

FAIR 

Direction  of  sotion/scale 
relations  tires  con¬ 

flict,  caul irg  arbiguity 
in  interpretation. 

COOD 

Minina  Cine  anderror  for 
exact  mncrical  value. 

N/A 

QUALITATIVE 

INFORMATION 

good  poor 

Location  of  poirt#  r  easy.  Difficile  to  j».d*:e  dircc- 
!*irtrri  and  scale  need  jticn  at>J  ruj^itude  of 
not  be  r.\id .  Position  jd^/iacion  wiOout  rcaJing 

charge  easily  detected.  iu*er*  and  scale. 

i 

POOR 

N inters  ;u«  b?  read. 
Position  cha.-.ges  .not 
easily  detected. 

GOOD 

real  world  fbuticn  rwre 
richly  assimilated. 

?cm 

J*anfc»*rs  s»iSt  be  read. 
Position  changes  not 
easily  detected. 

«Cft 

Easily  Steered,  £ca*n—  ] 
ica!=of  space. 

setting 

GOOD 

Staple  and  rela¬ 

tion  of  f«ib»  of  pointer 
to  action  cf  seltir-;  «r,-*o. 
Position  tK>p?o  lifi  n»«* 
i Coring. 

fa:r 

Rolaticn  to  rvt>c*t  seC- 
tirg  teioo  eviy  be  snbic****- 
No  pointer  fwcicn  cHmgc 
to  aid  rwiitervtt*  Not 
readable  incin{  rapid  vN* 
tire. 

GOOD  COOT 

Most  accurate  «*ix coring  a  C-neraSly  !ir*ct  ''■ntrol- 
nr«r;cal  settine.  R«'la-  Jisplay  rola::^*uhj;^«*asy 
tinn  to  rotun  of setting  jo  obs.*r  /•, 
fcnob  less  direct  than  for 
roving  pointer,  read¬ 

able  during  rapid  setting. 

N/A 

j 

| 

N/A 

TRACKING 

C000  j  FAIR  j  POOR  COO. 

Pointer  positi^t  rcadtl*/  .Sj  position  chtnces  to  ‘Mo  ^ross  position  chan-  S*.v  as  above, 

controlled  and  anitored.  !md  monitoring.  Relatito  ;-cs  to  aid  ccniMrir^, 

Si.Tf l^s:  relatim  to  ■”.w,to  control  '*0:1,31  so*:-  : 

ual  control  wtiir..  V«c  .vsbigurus. 

i  i 

n-a 

N*A 

DIFFERENCE 

ESTIMATION 

COQD 

Easy  to  calculate  posi¬ 
tively  er  negatively  by 
scanning  scale. 

/AW 

Subject  to  reversal 
errors. 

POOR  '  cCOb 

Require*  tvr.tal  calcula-  F.isy  to  calculate  either 
ci»»  \  quantitatively  er  eual- 

.  itatively  by  visual  in- 
j  spection. 

i 

FAIR 

Cm  predict  possible 
future  pattern  of  pen 
trace. 

N/A 

PERMANENT 

RECORD 

NM 

N/A 

N/A 

_  _ 

NM 

-  - 

COOD 

Provides  fart  copy. 

N/A 

GENERAL 

Limited  scale  length  for 
dials.  Hyvir.R'Upe  provides 
best  method  for  .scats  extension. 

Specific  m^ric  values 
only;  poor  dynamic 
situations. 

5cth  quantitative  4  situa¬ 
tional  or  positional  info 
ara  retired. 

Hard  copy  r«*f<rence 
anticipated. 

Cm  in  <«ijtnc:|<n  with 
scalar,  quaii-pictorial  ; 
or- c therein jcr.rmi.  C*e  ; 
to  indicate  ins  errant  j 

condition.  1 

/ 


HP-1  RECOMMENDED  MODIFICATION 


rationale/references 


5. 2. 3. 1.4.1  Graduation  Markings  -  Scale  graduations  shall  be  in 
increments  of  1,  2,  or  5  units  or  decimal  multiples  thereof  (ex¬ 
cept  as  noted  in  5 .2 .3  - 1 .4.2) .  No  more  than  three  sizes  of  marks 
shall  he  used  on  any  scale.  The  scales  which  require  three  sizes 
of  marks  include:  (1)  those  which  have  numbered  values  in  multi¬ 
ples  of  10  but  are  graduated  in  units  (multiples  of  5  receive  the 
intermediate  size),  and  (2)  azimuth  scales  numbered  in  multiples 
of  30°  but  graduated  in  5°  and  10°  intervals.  The  number  of 
graduation  marks  between  numbered  marks  shall  not  exceed  nine. 
The  sizes  of  graduation  marks  which  should  be  used  are  presented 

in  Table _ ,  and  illustrations  of  scales  graduated  in  various 

ways  are  provided  in  Figure _ . 

5. 2. 3. 1.4. 2  Scale  Numerals  -  Except  for  measurements  that  are 

normally  expressed  in  decimal  fractions,  whole  numbers  shall  be 
used  for  major  graduation  marks.  Intermediate  marks  should 
ordinarily  not  be  numbered.  On  fixed-scales  numerals  shall  be 
vertically  oriented,  and  on  rotating  scales  numerals  shall  be 
radially  oriented  and  positioned  so  as  to  be  upright  when  read 
against  the  pointer.  Bearing  dials  shall  have  numerals  (and 
major  graduation  marks)  at  either  10°  or  30°  as  shown  in 
Figure _ . 


Ref:  McCormick,  Human  Factors  in 
Engineering  and  besigtT] 
p.  73.  ■  " 

Van  Cott,  Human  Engineering 
Guide  to  Equ i omen t  Des ign , 

rarer  p'.'  - 


5.2.3. 1.4.3  Scale  Length  7  Scales  shall  start  and  end  on  a  major 
graduation  mark  even  it  this  puts  either  or  both  ends  beyond  the 
usable  range  of  the  scale,  (e.g.,  if  the  maximum  voltage  which 
can  be  read  on  an  instrument  is  23  volts,  the  scale  shall  go  at 
least  to  25  volts  where  there  could  be  a  major  graduation  mark.) 

5. 2. 3. 1.5  Pointers 

5. 2. 3. 1.5.1  Length  -  Cn  fixed-scale  indicators  with  outward- 
projecting  marks'  the  pointer  shall  extend  almost  to  the  inboard 
end  of  the  graduation  markings  but  shall  leave  a  short  gap  (e.g,, 
1/32")  so  as  to  provide  for  better  vernier  acuity.  On  Eixed  scale 
indicators  with  inward-projecting  marks  the  ends  of  the  different 
sizes  of  imarks  are  at  different  distances  from  the  center;  on 
indicators  of  this  type  the  pointer  should  extend  almost  to  the 
inboard  end  of  the  shortest  (minor)  graduation  marks.  The  pointer 


Professional  judgment. 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipment 
Designers,  1966.  p.  2-16. 
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Scale  Mark  Dimensions  fjr  28-Inc1’  Viewing  Distance 


Dimension 

BLacg 

(cm) 

on  White 
(in.) 

White 

(cat 

cn  Black 
(in.) 

A  Width 

0.089 

(0.035) 

0.318 

(0.125) 

3  Width 

0-064 

(0.023) 

0.318 

(0.125) 

C  Width 

0.076 

(0.030) 

0.318 

(0.125) 

D  Length 

0.558 

(0.22  ) 

0.559 

(0.22  ) 

E  Length 

0.254 

(O.iO  ) 

0.254 

(0.10  ) 

F  Length 

0.406 

(Q. 16  ) 

0.406 

(0.16  ) 

(G  =  Minimum 

1.27  cm  (0 

.5  in.)) 

(H  =  Minimum 

0. 1778  cm 

(0.07  in.)) 

Notes:  (1)  for  ocher  viewing  distances,  the  proportions  should  be 
maintained  by  using  the  following  formula. 


Dimension  at 
28-in 


x 


x-in 


28 


(2)  The  pointer  tip  width  should  be  the  sane  3S  the  width 
of  the  minor  index. 

(3)  The  above  narking  dimensions  are  for  "light  narks"  on 
a  dark  background.  When  "dark”  marks  are  used  on  a 
light  background,  the  stroke  width  dimensions  should 
be  increased  by  20  percent. 


Table  -  Sizes  of  Graduation  Marks 


CM 

MJ- 


/ 


0 

Inn 

1 

10 

hull 

5 

10 

V'"y"'"v 

0 

10 

’"i 

l  lull 

10 

1 

i  ‘i° 

zp  I 

Imlmil 

1 1 1 1  III  1 1  ( 1 

r-fo  { 

V 
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A  -  Fixed  scale-moving  pointer  preferred; 
Three-level  marking,  numbered  at 
each  major  mark.  Pointer  adjacent  to 
graduation  marks  to  preclude  obscuration 
of  either  marks  or  numbers. 


B  -  For  short,  finite  scale,  every  5th 
graduation  is  marked;  using  only 
two-level  marking. 


When  scale  crowding  makes  pointer- 
mark  association  difficult,  scale 
may  be  graduated  in  units  of  two,  with 
two-level  scale  marking  and  numbering 
at  each  maior  marking. 


When  dial  face  is  deeply  inset  within 
instrument  case  and  visibility  of 
numbers  is  more  important  than  scale 
mark-pointer  association,  pointer  may 
be  located  inside  the  graduations  along 
with  numbers  at  major  markings.  Pointer 
width  should  be  narrowed  at  point  in 
which  it  passes  numbers. 


may  be  used  when  scale  length  precludes  the 
fixed  scale  format  (i.e.,  graduation  marks 
would  be  too  close  together) .  Open  window 
configuration  helps  operator  focus  on  sig¬ 
nificant  scale  area. 


When  open  window  config¬ 
uration  is  ori  ;ed  in 
vertical  position,  num¬ 
bers  should  appear  up¬ 
right  as  each  number  passes 
the  index  mark  or  pointer. 

Total  scale  exposure  is 
desirable  when  operator 
needs  to  refer  to  other 
portions  of  the  scale. 


Figure  _  -  Scale  Graduation,  Pointer  Position  and 

Scale  Numbering  Alternatives 


*Note: 
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Graduated  in  1°  increments 


Graduated  in  5°  increments 
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Graduated  in  10°  increments 
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The  above  general  scale  marking  concepts  also 
apply  to  displays  in  which  measure  is  in  mils. 


Figure  _  -  Fixed-Scale  Azimuth  Dials  j 

J  # 


/ 
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MFI  RECOMMENDED  MODIFICATION 


or  index  on  moving  scale  indicators  should  always  approach  the 
rim  of  the  scale  from  the  outside,  not  from  the  center.  See 
Figure _ . 


rationale/references 


5.2.3. 1 i 5 . 2  Width  -  The  width  of  the  pointer,  where  it  intercepts 
the  graduation  marks,  shall  not  exceed  the  width  of  the  inter¬ 
mediate  marks. 


Professional  Judgment  (but  based 
on  study  performed  at  NEL  about 
1950  -  report  not  located) 


5. 2. 3. 1.5. 3  Mounting  -  The  pointer  shall  be  mounted  as  close  as 
possible  to  the  face  of  the  dial  to  minimize  parallax. 

5. 2.3. 1.6  Luminance  Contrast  -  Luminance  contrast  of  at  least  50 
percent  shall  be  provided  between  the  scale  face  and  the  markings 
and  pointer. 


5, 2.3. 1.7  Calibration  Information  -  Operator  tasks  should  normally 
be  designed  so  that  calibration  as  a  part  of  operation  is  unneces¬ 
sary.  When  calibration  is  required  as  part  of  the  operating  pro¬ 
cedure  it  shall  be  presented  in  a  legible  but  inconspicuous  manner 
so  as  not  to  interfere  with  dial  legibility. 


5. 2. 3. 1.8  Coding  -  When  certain  operating  conditions  (such  as 
normal  operating  temperature  or  dangerous  pressure  level)  always 
fall  within  a  limited  range  of  the  total  scale,  these  ranges 
should  be  made  readily  identifiable  by  means  of  pattern,  color, 
or  shape  coding  applied  to  the  face  of  the  instrument.  Use  of 
red  color  coding  should  be  limited  to  caution  situations. 
Operating  zones  may  be  shape  coded  when  the  indicator  must  be 
viewed  in  very  low-light-level  work  environments  (e.g.,  0.02-0.1 
FtrL)  or  where  the  illuminant  color  will  cause  difficulty  in 
discrimination  of  colors.  See  Figure  _ . 


Ref:  Van  Cott,  Human  Engineering 
Guide  for  Equipment  Design, 
1972,  p.  90. 


Shape/Color  Coding  Operating  Range 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5. 2. 3. 2  Moving-Pointer,  Fixed-Scale  Indicators  - 

5. 2. 3. 2.1  Numerical  Progression  -  The  increase  of  numerical  progression 
on  fixed  scales  shall  read  clockwise,  from  left  to  right,  or  from  the 
bottom  up,  depending  on  display  design  and  orientation. 

5. 2. 3. 2. 2  Orientation  -  Numbers  on  stationary  scales  shall  be  oriented 
in  the  upright  position. 

5. 2. 3. 2. 3  Circular  Scales  ■- 

5. 2. 3. 2. 3.1  Scale  Reading  and  Pointer  Movement  -  The  magnitude  of  the 


scale  reading  shall  increase  with  clockwise  movement  of  the  pointer. 


Misses  "lef t-to-right" 


5. 2. 3. 2. 3. 2  Zero  Position  and  Direction  of  Movement  -  When  positive  and 
negative  values  are  displayed  around  a  zero  or  a  null  position,  the  zero 
or  null  point  shall  be  located  at  either  12  o'clock  or  the  9  o'clock 
position.  Positive  values  shall  increase  with  clockwise  movement  of  the 
pointer,  and  negative  values  shall  increase  with  counterclockwise  move¬ 
ment. 

5. 2. 3. 2. 3. 3  Scale  Break  -  There  shall  be  an  obvious  break  of  at  least 
10°  of  arc  between  the  two  ends  of  the  scale,  except  on  multi-revolution 
instruments  such  as  clocks. 

5. 2. 3. 2. 3.4  Number  of  Pointers  -  Whenever  precise  readings  are  required 
not  more  than  two  coaxial  pointers  shall  be  mounted  on  one  indicator 
face. 

5. 2. 3. 2. 3.5  Pointer  Alignment  -  When  a  stable  value  exists  for  given 
operating  conditions  in  a  group  of  circular-scale  indicators,  they  shall 
be  arranged  either  in  rows  so  that  all  pointers  line  up  horizontally  on 
the  9  o'clock  position  under  normal  operating  conditions  or  in  columns 
so  that  all  pointers  line  up  vertically  in  the  12  o'clock  position  under 
normal  operating  conditions.  If  a  matrix  of  indicators  is  needed,  pre¬ 
ference  shall  be  given  to  the  9  o'clock  position. 


Other  zero  position  considerations 
should  be  addressed. 


Clocks  are  exception. 


ORIGINAL  REQUIREMENT  MFI  COMMENTS 


5. 2. 3. 2. 3. 6  Placement  of  Numerals  -  Numerals  shall  be  placed  outside  and/or  scale  marks! 

of  graduation  marks  to  avoid  having  numbers  covered  by  the  pointer. 

Numerals  may  be  placed  inside  of  graduation  marks  when  it  is  necessary  Solution  to  scale  constriction  is 

to  avoid  constriction  of  the  scale.  In  any  case,  the  pointer  shall  not  poor  format  but  rather  a 

extend  to,  but  not  obscure,  the  shortest  graduation  marks.  change  in  dial  size! 

5, 2. 3. 2. 4  Curved  (Arc),  Horizontal  Straight,  and  Vertical  Straiqht  Scales 

5. 2. 3. 2. 4.1  Scale  Reading  and  Pointer  Movement  -  The  magnitude  of  the 
scale  reading  shall  increase  with  movement  of  the  pointer  up  or  to  the 
right. 

5. 2. 3. 2. 4. 2  Zero  Position  and  Direction  of  Movements  -  When  positive 
and  negative  values  are  displayed  around  a  zero  point,  the  positive 
values  shall  increase  with  movement  of  the  pointer  up  or  td  the  right, 
and  negative  values  shall  increase  with  movement  of  the  pointer  down 
or  to  the  left. 

5. 2. 3. 2. 4. 3  Placement  of  Pointers  -  Pointers  shall  be  located  to  the 
right  of  vertical  scales  and  at  the  bottom  of  horizontal  scales. 

5. 2. 3. 2.4. 4  Placement  of  Numerals  -  Numerals  shall  be  placed  on  the  Same  ccmnieni  as  above, 

side  of  graduation  marks  away  from  the  pointer  to  avoid  having  numbers 

covered  by  the  pointer.  If  space  is  limited  (for  curved  or  arc  scales) 
numerals  may  be  placed  inside  of  graduation  marks  tc  avoid  undue  con¬ 
striction  of  the  scale. 


MF I  RECOMMENDED  MODIFICATION 


rationale/references 


5. 2. 3. 2  Moving-Pointer,  Fixed-Scale  Indicators 


5. 2. 3. 2.1  Numerical  Progression  -  Numbered  scales  shall  increase  Ref:  Woodson  and  Conover,  Human 

clockwise,  from  left  to  right.,  or  from  bottom  to  top  depending  on  Engineering  Guide  for  Equipment 

scale  layout  (e.g.,  circumferential,  or  linear  in  horizontal  or  Designers,  1966,  p.  2-l5. 

vertical  axis). 

5. 2. 3. 2. 2  Orientation  of  Numerals  -  Numbers  on  fixed  scales  shall 
appear  vertical  (upright)  to  the  observer. 

5. 2. 3. 2. 3  Circular  Scales 

5. 2. 3. 2. 3.1  Scale  reading  and  Pointer  Movement  -  [same  as  the 

original.]  "  ~  ~  ~  '  ’  ~~  L 

5. 2. 3. 2. 3. 2  Zero  Position  and  Pointer  Movement  -  The  position  of  Illustration  is  used  to  clarify 
the  zero  value  on  a  numbered  scale,  and  the  relative  pointer  move-  alternate  concepts. 

ment  shall  conform  to  criteria  in  Figure _ . 

5. 2. 3. 2. 3. 3  Scale  break  -  There  shall  be  an  obvious  break  between 
the  two  ends  of  non-continuous  scales  of  at  least  -10°  of  arc. 


5. 2. 3., 2. 3. 4  Number  of  Pointers  -  Except  for  clocks  or  watches 
(which  often  have  three  hands),  not  more  than  two  coaxial  pointers 
shall  be  used  on  a  single  dial  indicator. 

5. 2. 3. 2. 3. 5  Aligned  Pointers  for  Check-Reading  -  [Although  title 

change  is  recommended ,  material  should  be  same  as  original.  But 
add  (see  Figure _ Id 

5. 2. 3. 2. 3. 6  Relative  Position  of  Scale  Marks  and  Numbers  -  When 
reading  time  and  accuracy  are  critical,  circular  scale  markings 
and  location  of  associated  numbers  shall  be  arranged  to  prevent 
pointers  from  covering  any  portion  of  scale  marks  or  numerals,  and 
scale  marks/numbers  shall  be  on,  or  close  to  the  plane  of  the 

pointer  tip  (i.e.,  to  avoid  visual  parallax  -  see  Fig _ ). 

However,  'if  readout  accuracy  is  not  critical  (i.e.,  gross  relation 
ship  between  the  pointer  and  the  numeral  is  all  that  is  required), 
an  arrangement  of  numerals  "inside"  the  scale  annulus  is  accept¬ 
able.  (See  examples  in  Figure  ). 


We  feel  strongly  about  this  in  spite 
of  conflicts  with  some  aircraft  specs 

Precision  has  little  to  do  with 
requirement . 

Illustration  is  added  since  typical 
reader  will  not  know  what  we  are 
talking  about. 

Collates  and  illustrates  all 
variables . 

Professional  Judgment 


When  a  dial  scale  is  of  finite 
length,  ft  should  bo  numbered  so 
that  value  increase  is  clockwise 
The  zero  starting  point  should 
be  approximately  at  the  7-o'clock 
position.  There  should  be  ju 
obvious  "break"  boLween  the  two 
ends  of  the  scale  of  at  least  10° 
of  crc. 


When  multi "revolution  pointer 
movement  i.s  involved,  the  zero 
reference  should  be  at  the  top  of 
the  dial  and  there  should  be  no 
break  between  scale  ends.  Mo 
more  than  two  pointers  shall  be 
u^ed  except  for  special  cases,  e.e 
clock  (with  second  hand). 


Azimuth  dial  scales  shall  be  laid 
out  with  the  zero  (or  North)  ref¬ 
erence  at  the  top  of  the  dial,  and 
scale  values  shall  increase  clock- 
wise.  At  least  every  3D°  reference 
should  be  numbered. 


Positive/Negative  dial  formats 
shall  be  laid  out  with  the  zero 
(or  null'  position)  located  at 
the  9,  12,  or  3-o'clock  position. 
Scale  values  shall  increase  right 
or  left,  or  up  or  down  as  appro¬ 
priate  to  provide  positive/negativc 
pointer  movement  relationships. 


Zero  Position  and  Pointer  Movement  for 
<;i rculnr  Dial  Displays 


9-o'clock  pointer 
alignment  for 
horizontal  dial 
array. 


12-o'clock  pointer 
alignment  for 
vertical  dial  array 


Straight-line  scale 
format  with  "nominal" 
operating  reference 
common  among  all  dis— 
plays  at  the  mid-scale 
position.  Applicable 
also  for  "moving-tape" 
indicators. 


_  -  Aligned  Pointers  for  Rapid  Check-Reading 


For  maximum  reading  accuracy, 
numerals  shall  be  placed  out¬ 
side  the  scale,  and  the  inner 
annulus  of  scales  marks  provides 
an  even”  border,  against  which 
the  pointer  tip  rides,  i.e.,  the 
pointer  is  an  equal  distance 
(nominal  0 . 03  12-0 . 0625-inches  - 
0.079-0.15 9  cm)  from  all  scale 
marks,  never  overlapping  any 
mark  or  numeral. 


Alternate  format  when  the 
instrument  face  is  surrounded 
with  a  deep  bezel,  i.e.,  num¬ 
erals  are  inside  the  scale, 
since  gross  reading  of  numbers 
is  paramount. 


The  plane  of  the  numeral/ 
scale  information  should 
be  coincident  with  that  of 
the  pointer  tip  -  or  as  near 
as  is  practical,  to  prevent 
or  minimize  visual  parallax. 


Figure, 


Relative  Position  of  Scale  Marks 
and  Pointers  on  Circular  Dials’ 


Numerals 


•  -7 


rationale/references 


MFl  RECOMMENDED  MODIFICATION 

5. 2. 3. 2. 4  Curved  (Arc),  Horizontal  or  Vertical  Straight  Scales 

5. 2. 3.2. 4.1  Scale  Reading  and  Pointer  Movement  -[same  as  the 
original!} 


5. 2. 3. 2. 4. 2  Zero  Position  and  Pointer  Movement  -  The  position  of 
the  zero  value  on  curved  or  straight  scales  shall  conform  to 
criteria  in  Figure _ . 


Illustrations  to  clarify  statements. 


5.2.3. 2.4.3  Relative  Position  of  Pointers.  Scales  and  Numerals  - 
The  relative  position  of  pointers,  scales  and  numerals  shall  “ 
conform  to  criteria  in  Figure _ . 
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Numerals  should  be  located  outside 
scale  marks,  and  pointer  should 
ride  against  the  inner  scale  annulus 
just  short  of  the  markings.  The 
zero  reference  should  be  to  the 
left  so  that  increasing  numbers  and 
pointer  motion  is  clockwise. 


Zero  reference  (null)  for  arc  scale 
formats  should  be  centered  on  the 
scale,  with  positive  value  increase 
to-che-r ighr  or  upward;  negative 
increase  to-the-left,  and/or  down¬ 
ward.  A  "mirror  image"  of  the 
vertical  format  is  also  acceptable. 


r 


Relative  location  of  numerals,  scale  and  pointer 
on  "straight-line"  display  formats  should  he  as 
shown,  i.c.,  pointer  should  not  cover  either  the 
scale  marks  nor  the  numerals.  The  pointer  should 
eminate  from  the  right  side  of  the  vertical  for¬ 
mat;  from  the  bottom  of  the  horizontal  format. 


i- 


0  10 

I _ 


Note:  Zero  reference  for 

straight-line  scales 
should  be  centered. 


Figure _  -  Relative  Position  of  Scale  Marks, 

Numerals  and  Pointers  on  Arc  and 
Straight-Line  Scales 


« 


ORIGINAL  REQUIREMENT 

MF!  COMMENTS 

5. 2. 3. 3  Fixed-Pointer,  Moving-Scale  Indicators  - 

5.2.3. 3.1  Numerical  Progression  -  On  fixed-pointer,  moving  scale  indi- 
ca tors, —numbers  shall  progress  in  magnitude  in  clockwise  direction 
around  the  faces  of  circular  dials  (counter-clockwise  dial  movement  for 
numerical  increase).  On  vertical  or  horizontal  straight  moving  scales, 
numbers  shali  increase  from  bottom  to  top  or  from  left  to  right. 

5. 2. 3.3. 2  Orientation  -  Numerals  on  moving  scales  Shall  be  upright 
when  in  the  reading  position. 

5. 2. 3. 3. 3  Alignment  of  Pointer  or  Fixed  Reference  Line  -  ATignment  of 
pointer  or  fixed  reference  line  shall  be  in  the  32  o'clock  position  for 
right-left  directional  information  and  in  the  9  o’clock  position  for 
up~down  information.  For  purely  quantitative  information,  either  posi¬ 
tion  may  be  used. 

5. 2. 3. 3. 4  Settinq  -  If  the  display  will  be  used  for  settinq  in  a  value 
(e.g.,  tuning  in  a  desired  wavelength),  the  unused  portion  of  the  d»'al 
face  shall  be  covered,  and  the  open  window  shall  be  large  enough  to 
permit  at  least  one  numbered  graduation  to  appear  at  each  side  of  any 
setting. 

Believe  "Open  Window"  in  title 
voi:H  improve  its  reference  value. 

5. 2. 3. 3. 5  Tracking  -  !f  the  display  will  be  used  for  tracking,  as  in 
the  case  of  a  directional  indicator,  the  whole  face  of  the  dial  shall 
be  exposed. 


Without  a  specific  example  this 
requirement  is  probably  confusing. 


MFi  RECOHMENDED  MOD  I  F I  CAT !  Q/i 


5.Z.3.3  Fixed-Pointer.  Moving-Scale  Indicators 

5. 2. 3. 3.1  Numerical  Progression  -  [same  as  original.] 

5.2.3. 3.2  Orientation  -  ("same  as  original.] 

5.2.3. 3. 3  Alignment  of  Pointer  or  Fixed  Reference  Line  -[Same 

as  original'^  L 

5. 2. 3. 3. 4  Open  Window  Display  -  When  the  display  will  be  used 
primarily  for  ’"setting  m  a  value"  (e.g.,  tuning  to  a  desired 
wavelength),  only  the  portion  of  the  scale  of  interest  should  be 
exposed,  i.e.,  the  rest  of  the  scale  is  covered  to  reduce  visual 
clutter  and  confusion.  The  open  window  shall  be  of  sufficient 
size  to  permit  view  of  ar  least  one  numbered  graduation  either 
side  of  the  desired  setting,  i.e.,  at  least  two  number  values 
shall  appear  within  the  window  at  ail  times  unless  the  scale  is 
finite  and  the  dial  cannot  be  rotated  continuously  through  suc¬ 
cessive  rotations  in  the  same  direction.  If  the  display  will  be 
used  for  tracking  (as  in  the  sa.me  of  a  directional  indicator), 
the  entire  face  of  the  dial  shall  be  exposed. 

[o. 2. 3. 3. 5  Tracking  -  This  requirement  has  been  incorporated  in 
5. 2.3. 3. 4,  with  slight  modification  j] 


rationale/references 


Slight  modification  to  insure  that 
two  numbers  appear  in  window.  Also 
picks  up  tracking  requirement. 

Van  Cott,  Human  Engineering  Cuide 
to  Equipment  Design,  1972.  p.  S3. 


Deleted, 


& 
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MFI  RECOMMENDED  MODIFICATION 


NEW  SECTIONS 


rationale/references 


5. 2. 3. 4  Moving  Tape  Displays  -  When  the  scale  length  required  for  These  requirements  represent 
acceptable  readout  accuracy  exceeds  the  limits  of  the  capacity  updating  recommendations, 

of  the  display  package,  i.e.,  compaction  of  scale  marking  would 
make  the  display  illegible  and/or  subject  to  readout  error,  moving- 
tape  scale  format  shall  be  considered. 


5. 2 .3.5  Composite  Scalar/Pictorial  Displays  -  Combinations  of 
scales,  pointers,'  and/or  pictorialized  -symbols  may  be  used  to 
combine  functionally-related  information  into  a  single  instrument 
or  display  (e.g.,  artificial  horizon/command  heading,  true/ 
relative  bearing  and  other  similar  combinations).  Design  of  sig¬ 
nificant  reference  features  (aircraft  of  ship  symbols,  horizon/ 
altitude  or  pitch  scales,  etc.)  shall  conform  to  the  general 
criteria  herein  relative  to  direction-of-motion ,  scale-pointer 
relationships,  legibility,  etc.  Color  contrast  shall  be  used  to 
aid  the  operator  in  differentiating  among  various  elements  of 

the  combined  or  composite  display  (i.e.,*  dark  "land"  vs  light 
"sky",  etc.).  See  also  5. 2. 6. 5,  "Flags". 

5. 2. 3. 6  Head-Up  Display  -  The  "head-up"  display  (a  positional/ 
command  type  of  display  typically  projected  on  the  primary  wind¬ 
screen  of  an  aircraft  cockpit,  to  provide  the  pilot  with  flight 
direction  information  without  bis  or  her  having  to  looK  down  into 
the  cockpit  at  instrument  panel  displays),  may  be  considered 
with  the  approval  of  the  procuring  agency.  The  head-up  display 
concept  shall  not  be  used  for  ground-borne  or  sea-borne  vehicles 
or  other  operator  control-display  installations  without  express 
approval  of  the  procuring  agency. 

5. 2. 3. 6.1  Display/External  Viewing  Interference  -  Markings 
projected  on  tnewTrul?RTeT3^TiiTTDe_^isTpieT-and  illuminated  in 
a  manner  that  will  not  create  confusion  with  external  visual 
details  required  by  the  pilot  for  safe  flight.  Brightness  con¬ 
trol  .-'hall  be  provided  the  operator,  with  sufficient  latitude 
to  set  th'e  brightness  appropriately  for  the  expected  visual 
environment  variations. 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipment 
Designers ,1966 ,  p 7~ 224. 
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'  ORIGINAL  REQUIREMENT  MF  I  COMMENTS 


5.2.4. 1  Signal  Size  -  When  a  target  of  complex  shape  is  to  be  distin-  Considering  the  widespread  use 

guished  from  a  nontarget  shape  that  is  also  complex,  the  target  signal  ,md  variety  of  applications  for 

should  subtend  not  less  than  20  minutes  of  visual  angle  and  should  sub-  CRT  displays,  the  present  section 

tend  not  less  than  10  lines  or  resolution  elements.  Image  quality  shall  ,s  entirely  inadequate  because  o£ 

be  consistent  with  the  operator's  needs.  deficiency  in  scope  and  content. 

5. 2. 4. 2  Viewing  Distance  -  A  16-inch  (410  mm)  viewing  distance  shall 
be  provided  whenever  practicable.  When  periods  of  scope  observation 
will  be  short,  or  when  dim  signals  must  be  detected,  the  viewing  dis¬ 
tance  may  be  reduced  to  10  inches  (250  mm).  Design  should  permit  the 
observer  to  view  the  scope  from  as  close  as  he  may  wish.  Displays 
which  must  be  placed  at  viewing  distances  greater  than  16  inches  (410  mm) 
due  to  other  considerations  shall  be  appropria tely  modified  in  aspects 
such  as  display  site,  symbol  size,  brightness  ranges,  line-pair  spacing 
and  resolution. 

5. 2. 4. 3  Screen  Luminance  -  The  ambient  illuminance  shall  not  contribute 
more  than  252  of  screen  brightness  through  diffuse  reflection  and 
phosphor  excitation. 

5. 2. 4. 4  Fair.t  Signals  -  When  the  detection  of  faint  signals  is  required 
and  when  the  amoient  illuminance  may  be  above  0.25  FT-C  (2.7  lux),  scopes 
shall  be  hooded,  shielded,  or  recessed,  (in  seme  instances,  a  suitable 
filter  system  may  be  employed,  subject  to  approval  by  the  procuring 
activity. ) 

5. 2. 4. 5  Luminance  Range  -  The  luminance  range  of  surfaces  Immediately 
adjacent  to  scopes  shall  be  between  10X  and  1 00%  of  screen  background 
luminance.  With  the  exception  of  emergency  indicators,  no  light  source 
in  the  immediate  surround  shall  be  brighter  than  scope  signals. 

5. 2. 4. 6  Ambient  Illuminance  -  The  ambient  illuminance  in  the  CRT  area 
shall  be  appropriate  for  other  visual  functions  (e.g.,  setting  controls, 
reading  instruments,  maintenance,  etc.)  but  shall  not  interfere  with  the 
visibility  of  signals  on  the  CRT  display. 

5. 2. 4. 7  Reflected  Glare  -  Reflected  glare  shall  be  minimized  by  proper 
placement  of" the  scope  relative  to  the  light  source,  use  of  a  hood  or 
shield,  optical  coatings  or  filter  control  over  the  Hr  source. 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5. 2. 4. 8  Adjacent  Surfaces  -  Surfaces  adjacent  to  the  scope  shall  have  a 
dull, matte  finish.  The  reflectances  of  these  surfaces  shall  be  such  that 
the  resultant  luminances  will  be  consistent  with  the  criteria  established 
above. 

f 
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ORIGINAL  REQUIREMENT 


ME  I  COMMENTS 


5. 2. 4. 9  Electronically  or  Optically  Generated  Displays  -  Electronically 
or  optically  generated  displays  shall  conform  to  MIL-sTd-884. 


i- 


MFI  RECOMMENDED  MODIFICATION  RATIONALE/REFERENCES 

5.2.4  Cathode-Ray  Tube  (CRT)  Displays  This  very  much  expanded  section 

introduces  needed  material  in 

5.2.4. 1  Applications  -  Cathode  ray  tubes  may  be  used  for  a  wide  many  areas  concerned  with  CRT 

variety  of  display  purposes  such  as  presentation  of:  sensor  data  display,  including  applications, 

from  radar,  sonar,  electronic-warfare  systems,  etc.;  computer-  phosphors,  use  of  color,  persist- 

generated  data  such  as  processed  sensory  data,  targec  tracks,  ence,  dynamic  range,  flicker  and 

computer  graphics,  status  data,  and  simulated  exercises;  aircraft  jitter,  spot  size  and  resolution, 
system  status;  caution  and  warning  indications;  and  presentation  burning  of  screen,  distortion, 

of  television  pictures.  A  -athode  ray  tube  may  also  be  employed  screen  shape  and  size,  viewer 

for  multiple  uses  in  which  case  it  shall  at  least  minimally  protection,  "housekeeping"  controls, 

satisfy  the  criteria  for  each  use.  TV  displays,  sensor  displays,  and 

computer-generated  displays. 

5. 2. 4. 2  General  Requirements  -  The  following  general  require¬ 
ments  are  applicable  to  (JkT  selection  and  design  regardless  of 
specific  use. 

5. 2. 4. 2.1  Screen  Luminance  -  The  screen  luminance  shall  be  with¬ 
in  a  range  which  satifies  all  the  following  requirements. 

a.  Opera  ting  Range  -  The  luminance  used  shall  be  compatible 
with  the  CRT's  operating  characteristics  and  life  ex¬ 
pectancy.  That  is,  for  example,  the  CRT  shall  not  be 
driven  beyond  its  normal  value  in  order  to  gain  greater 
screen  luminance  since  this  could  result  in  burning  of 
the  screen  or  in  reduced  life. 

b.  Ambient  Illumination  -  CRT  luminance  shall  be  compatible 
with  the  ambient  illumination  otherwise  required-  in  the 
work  area,  except  that  shielding,  filtering  or  use  of  a 
hood  may  allow  lower  CRT  luminance  if  the  technique 
employed  is  compatible  with  the  operator's  task. 

c.  Operator  Visual^Capabilities  and  Task  Requirements  - 
Luminance ‘ of  the  faintest  information  displayed  for  oper¬ 
ator  response  shall  be  well  above  the  operator's  thres¬ 
hold  considering:  targec  size  and  presentation  rate, 

(clutter,  phosphor  color,  and  ambient  illumination 
conditions. 


_ MFI  RECOMMENDED  MODIFICATION  _  RATIONALE/REFERENCES 

5. 2. 4. 2. 2  Finish  and  Luminance  of  Surrounding  Area  -  Panel 
surfaces  adjacent  to  the  CRT  shall  have  a  dull  matte  finish  which 
under  ambient  operational  conditions  shall  have  a  luminance  range 
between  10%  and  100%  of  the  screen  background  luminance.  Some 
means  of  adjusting  the  surround  luminance  should  be  provided  if 
necessary  to  ensure  operation  within  this  range. 

5. 2. 4. 2. 3  Daylight  Viewing  -  CRTs  which  must  be  viewed  under  Ref:  Skolnik,  Radar  Handbook,  Ch.  6. 
daylight  conditions  sucTi  as  on  the  bridge  of  a  ship  or  in  an 

aircraft  cockpit  shall  utilize  one  or  more  appropriate  means 
such  as  the  following  to  bring  viewing  conditions  within  an 
acceptable  range:  (1)  a  deep  shield  or  hood  to  reduce  the  amount 
of  incident  light,  (2)  scan  conversion  for  continuous  presentation 
at  high  luminance  levels,  (3)  a  high-output  burn-resistant  phosphor 
such  as  the  P-1  compatible  with  the  higher  ambient  light  levels, 

(4)  a  circularly-polarized  filter  for  cancellation  of  light  re¬ 
flected  off  the  face  plate,  (5)  negative  image  polarity  to  present 
dark  traces  on  a  light  background,  (6)  a  filter/phosphor  combina¬ 
tion  which  will  minimize  screen  f lourescence,  and  (7)  a  fiber¬ 
optic  or  mesh  type  filter  which  tends  to  reject  incident  light  and 
pass  screen-emitted  light. 


5. 2. 4. 2.4  Reflection  and  Glare  -  Reflection  and  glare  off  CRT  j 
faceplates  and  cover  plates  shall  be  minimized  by  one  or  more 
appropriate  techniques  such  as:  (1)  shielding  the  CRT  or  the 
light  sources  to  prevent  direct  illumination  from  striking  the 
CRT,  (2)  positioning  light  sources  so  they  do  not  reflect  off  the 
CRT  face  plate  into  the  operator’s  eye's,  (3)  use  of  a  circularly- 
polarized  filter  for  cancellation  of  light  reflected  off  the  CRT 
face  plate,  (4)  use  of  a  cross-polarized  lighting  system  (a 
polarizing  filter  over  the  CRT  rotated  90°  with  respect  to  polar¬ 
izing  filters  over  the  light  sources),  (5)  use  of  a  controlled 
white  light  system  which  delivers  light  only  to  the  necessary  work 
areas  and  baffles  it  from  the  CRT,  (6)  use  of  a  selective  spectrum 
lighting  system  wherein  the  spectral  output  of  the'  CRT  is  substan¬ 
tially  outside  the  spectrum  of  the  ambient  illumination,,  and  (7) 
application  of  an  anti-reflective  coating  on  the  CRT  face  plate 
and  non-bonded  filter  surfaces  to  reduce  the  proportion  of  re¬ 
flected  light. 


Ref:  Skolnik,  Radar  Handbook,  Ch.  6. 

Also:  A.  Cakir,  Hart,  and  Stewart, 

The  VDT  Manual,  1979, 

- 
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MFI  RECOMMENDED  MODIFICATION 

RAT  I ONALE/REFERENCES 

5. 2. 4. 2. 5  Phosphors  -  CRT  phosphors  shall  be  selected  on  the 
basis  of  color,  persistence,  resolution  capability.,  and  durability 
as  appropriate  to  the  operator's  task  in  utilizing  the  CRT. 
Characteristics  of  commonly-used  phosphors  currently  available 
are  presented  in  Table 

Ref:  Skolnik,  Radar  Handbook,  Ch.  6. 

5. 2. 4. 2. 6  Use  of  Color  -  Color  is  inherently  a  good  coding  dimen- 
sion,  but  it  should  be  utilized  only  when:  (1)  any  loss  of  CRT 
resolution  resulting  from  the  use  of  color  is  acceptable,  (2)  coloj 
codes  are  compatible  with  color  stereotypes  and  conventional  usage!, 
and  (3)  all  users  will  be  able  to  perceive  the  code.  (Because 
there  are  some  color  deficient  personnel  in  the  Armed  Forces,  it 
cannot  be  assumed  that  any  random  operator  will  be  able  to  dif¬ 
ferentiate  the  color  codes  reliably.  Use  of  some  other  code 
redundantly  along  with  the  color  code  is  the  best  way  to  ensure 
that  the  codes  will  be  differentiable  by  all  personnel.  Thus, 
if  friendly  and  hostile  tracks  are  to  be  differentiated  by  color, 
they  should  also  be  differentiable  by  some  other  means  such  as 
shape  coding.) 

5. 2. 4. 2. 7  Persistence  -  Transient  signals  of  very  short  duration 
such  as  those  derived  from  radar  and  active  sonar  systems  shall 
be  displayed  with  sufficient  persistence  for  Che  operator  to 
perform  whatever  operations  are  needed  with  respect  to  the  signals 
Persistence  beyond  signal  duration  on  the  display  may  be  accom¬ 
plished  through  use  of  persistent  phosphors,  periodic  re-painting 
(refreshing)  of  the  image  from  processor  memory,  or  utilization  of 
scan  converters  or  direct  view  storage  tubes  as  appropriate  to 
the  application.  With  rotating  sweep  indicators,  the  persistence 
should  be  at  least  such  as  to  display  even  faint  signals  above 
threshold  for  a  period  equal  to  one-quarter  of  a  sweep  rotation. 
Short  to  medium  persistence  is  adequate  for  scan  rates  such  as 
those  used  for  television. 

Professional  Judgment 

i 

5. 2. 4. 2. 8  Dynamic  Range  -  A  dynamic  range  of  at  least  7  db 
should  be  provided  tor  detection  of  targets  on  a  plan-type  (PPI) 
indicator,  and  20  db  or  more  is  desirable  for  detection  on  an 
A-scan  presentation  or  other  deflection  display.  A  dynamic  range 
of  at  least  7  db  should  be  provided  for  TV  images,  and  applica¬ 
tions  where  fine-grain  detail  is  important,  such  as  high-resolu- 
tion  reconnaisauce  sensors  should  provide  the  maximum  attainable 
with  the  state  of  the  art. 

Ref:  Boeing  Co.,  Design  Handbook 
for  Imagery  Interpretation 
Equipment,  1975,  Ch.  4. 
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Table _ 

CRT  Phosphor  Applications  and  Characteristics 


CIE 


Appl ication 

Phosphor 

I.D. 

Coordinates 

X  Y 

Persistence 

Flourescence 

Phosphorescence 

Decay 
Time 
(m  sec) 

*Notes 

Radar 

P-1 

.218 

.712 

Med. 

Yellow  Creen 

Yellow  Green 

29 

v\- 

Sonar , 

P-2 

.279 

.539 

Med . 

Yellow  Green 

Yellow  Green 

35-100 

and 

P-7 

.357 

.537 

Long 

Yellow 

Yellow  Green 

Oscil loscope 

P-10 

Very 

Long 

Dark  Trace  Screen 

P-12 

.605 

.399 

Med . 

Short 

Orange 

Orange 

P-1  A 

.509 

.993 

Med. 

Ye  1  low  Orange 

Orange 

.150 

.093 

Med. 

Short 

Blue 

Orange 

P-17 

.302 

.390 

Long 

Blue 

Yellow 

P-19 

.572 

.922 

Long 

Orange 

Orange 

* 

P-21 

.539 

.373 

Med . 

Red  Orange 

Red  Orange 

P-25 

.557 

.930 

Med . 

Orange 

Orange 

* 

P-26 

.582 

.916 

Very 

Long 

Orange 

Orange 

*« 

P-28 

.370 

.590 

Long 

Yellow  Green 

Yellow  Green 

500 

P-29 

(P-2  ♦ 

P-25) 

Med. 

Green 

Green 

P-3 ) 

.193 

.920 

Med. 

Short 

Green 

Green 

9 

* 

P-32 

Long 

Purple  Blue 

Yellow  Green 

P-33 

.559 

.990 

Very 

Long 

Orange 

Orange 

* 

P-39 

.235 

.  369 

Very 

Long 

Blue  Green 

Yellow  Green 

90  s.tc 

* 

P-35 

.286 

.920 

Med . 

Short 

Green 

Blue 

* 

P-33 

.561 

.937 

Very 

Long 

Orange 

Orange 

1090 

P-39 

.223 

.698 

Long 

Ye  1  low  Creen 

Yellow  Creen 

150 

* 

P-90 

.276 

.3117 

Med. 

White/Blue 

-  Yellow  Green 

Monochrome  TV 

P-9 

.270 

.300 

Med. 

Short 

White 

White 

25 

.*# 

P-23 

.375 

.390 

Color  TV 

P-22 

.155 

.060 

Med. 

Blue 

Blue 

25 

.285 

.600 

Med. 

Yellow  Green 

Yellow  Green 

60 

.675 

.325 

Med. 

Orange  Red 

0 range  Red 

0.9 

/ 


CRT  Phosphor  Applications  and  Characteristics  (con't.) 


Application 

Phosphor 
I,  D . 

CXE 

Coordinates 
X  Y 

Persistence 

Flourescence 

Phosphorescence 

Decay  '•‘•'Notes 

Time 

(m  sec) 

Projection  TV 

P-18 

.333  .347 

Med. 

Storage  Tubes 

P-20 

.444  .536 

Med.  Short 

Yellow  Creen 

Yellow  Green 

.  . 

.  .  _ 

_  ....  _  .  _ 

.  _ _ 

_  —  —  . 

Persistence: 

■  ' 

VL  =  Very  Ions,  1-second  or  over 

L  =  Long,  !G0  msoc-1.0  sec 

>1  =  Medium,  1  msec  to  100  msec 

M/S  =  Medium  short,  i0/f<  sec  to  1.0  msec 

S  =  Short,  IS*-  sec  to  10/*  sec 

VS  =  Very  short,  less  than  !/*  sec 


■'•'Note.' 

P-!  -  High  eft  icior.ey  ^  resolution  and  resistance  to  burn. 

P-2  -  Decrease  in  decay  with  increase  in  bean  current. 

P-4  -  Sulfide  version. 

P-7  -  High  efficiency  and  resistance  to  burn:. 

P-19  -  Slow  refresh  rate  for  flickerless  display;  low  light  output;  Low  burn  resistance. 

P  -25  _  Desired  low-level  persistence,  high  resistance  to  burn;  low  light  output. 

P-26  -  Slow  refresh  rate  for  flickerless  display;  low  light  output  and  burn  resistance. 

P— 3 1  “  Curve  has  blue  peak  ct  450  nanometers;  high  efficiency,  resolution  and  resistance  to  burn. 
P~33  -  Decay  decreases  with  Learn  current  decreases;  burns  rapidly  when  used  with  stationary 
or  slow-moving  beam. 

P-34  -  IR  stimulatable;  Y-phosphor. 

P-35  -  Resists  burning  compared  to  P-11. 

P-39  -  Similar  to  P-1  but  with  longer  decay. 
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5. 2. 4. 2. 9  Jitter  -  Erratic  movement  of  sweep  traces  on  CRT  dis¬ 
plays  snail  5e~3Tminished  to  the  point  where  it  is  not  detectable 
by  the  operator. 


rationale/references 


5.2.4.2.10  Flicker  -  The  refresh  (re-paint)  rate  of  signals  or 
data  displayed  on  a  CRT  shall  not  be  between  the  rates  of  7  Hz 
and  28  Hz  except  in  applications  requiring  sensor  scanning  at  thes< 
rates  and  as  noted  in  paragraph  5. 2. 4. 5. 1.3.  Rates  between  1  and 
7  Hz  shall  be  utilized  only  when  it  is  desired  to  capitalize  on  th« 
conspicuity  value  of  such  rates,  such  as  for  warning  signals  or  in 
the  rare  circumstances  when  flash  rate  coding  might  be  utilized. 
Refresh  rates  for  data  which  are  to  be  perceived  as  continuously 
presented  shall  be  adjusted  upward  from  28  Hz  as  necessary  to 
reduce  flicker  to  a  non-detectable  level  over  entire  range  of 
display  luminance. 


Professional  judgment  based  on  data 
from  many  sources  including: 

(1)  Cakir,  Hart,  4  Stewart,  The  VDT 

Manual  “ 

(2)  Boeing  Co.,  Design  Handbook  for 

Imagery  Interpretation  Equipment, 
Ch.  4.  ~ 

(3)  S.S.  Stevens,  Handbook  of 
Experimental  Psychology. 


5.2.4.2.11  Spot  Size  and  Resolution  -  The  spot  size  (diameter  to 
10%  luminance)  on  a  CSt  shall  be  compatible  with  the  signal 
characteristics  and  type  of  scan  to  be  utilized.  For  radar  the 
spot  size  preferably  should  be  smaller  than  Che  minimum  size  of 
a  returned  pulse  as  presented  on  the  slowest  sweep  (longest  range 
scale)  in  order  to  avoid  loss  of  resolving  power  inherent  in  the 
radar  system.  For  most  CRT  display  applications  spot  diameter 
at  all  parts  of  the  screen  should  subtend  no  more  than  1  minute 
of  arc  from  the  normal  viewing  position.  Alphanumeric  characters 
should  be  scaled  to  subtend  at  least  15  minutes  of  arc;  other 
complex  shapes  should  subtend  at  least  20  minutes  of  arc. 


Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  DesigrT, 

19?2 ,  p.  58. 

NAV  SHIPS  Display  Illumination 
besigri  Guide  (N'ElC  TD  22 3), 
T973* TTI-57 


5.2.4.2.12  Hand  Capacitance  Effects  -  For  applications  where  the  Ref:  Skolnik,  Radar  Handbook,  6-9. 
operator's  hand  normally  comes  close  to  the  screen,  such  as  in 

plotting  on  the  faceplate  or  in  using  a  light  pencil  for  data 
pickoff,  aluminized  backing  of  the  screen  shall  be  utilized,  so 
as  to  minimize  the  effect  of  hand  capacitance  which  tends  to  add 
uncontrolled  deflection  to  the  CRT  beam. 

5.2.4.2.13  Burning  of  Screen  -  The  display  design  shall  minimize  Ref:  Skolnik,  Radar  Handbook,  6-9/ 
the  likelihood  or  burning  of  long  persistence  phosphor  screens 

such  as  the  P19,  P25  and  P33,  since  it  cannot  be  assumed  that 
burn-damaged  CRTs  will  always  be  properly  replaced  under  opera¬ 
tional  conditions,  and  the  presence  of  burned  areas  seriously 
degrades  display  legibility.  (Anti-burn  techniques  include  use 
of  aluminized  backings  and  protective  circuits  for  automatic 
intensity  reduction  whenever  the  beam  remains  stationary. 
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5.2.4.2.14  Distortion  -  Sweep  non-linearity  with  raster  on  PF1- 
type  scans  shall  be  less  than  2%.  CRTs  displaying  only  alpha¬ 
numeric  or  graphics  data  shall  shew  no  obvious  distortion  in  any 
column  or  row  of  characters,  and  the  character  aspect  ratio  shall 
appear  to  be  constant  at  all  parts  of  the  screen. 

5.2.4.2.15  Screen  Shape  -  CRT  display  surfaces  used  exclusively 
for  data  presentation  or  computer  graphics  shall  be  rectangular 

in  shape.  CRT  displays  used  exclusively  for  TV  image  presentation 
shall  also  be  rectangular  and  should  normally  follow  the  standard 
practice  of  having  a  3:4  aspect  ratio  (height  to  width) .  Those 
CRTs  used  exclusively  for  polar  plots  of  sensor  data  shall  be 
round.  The  preferred  display  surface  shape  for  A-scan  presenta¬ 
tions  is  rectangular.  CRTs  used  simultaneously  or  sequentially 
for  two  or  more  different  display  functions  may  have  round,  square 
or  rectangular  display  surfaces  as  best  fit  the  combined  purposes. 


rationale/references 


ts 


5.2.4.2.16  Useful  Screen  Diameter  -  The  diameter  of  direct-viewing 
console-mounted  CRTs  should  normally  be  within  the  following  limi 
(Smaller  CRTs  than  those  listed  for  detection,  detection  and 
tracking,  and  situation  display  may  be  used  where  there  are  severe 
space  constraints  such  as  in  aircraft  or  submarines  or  hand-held 
units . ) 


Ref:  NAVSHIPS  Display  Illumination 
Design  Guide  (NfcLc  TD  223), 

19737 r  nr-7. 


Professional  Judgment;  also 
MIL-HDBK-759,  p.  190. 


Professional  Judgment,  based  on 
.coerational  experience  and  references 
such  as  MIL-HDBK-759,  p.  190. 


a.  For  detection  of  signals  from  sensor  systems:  21.5  cm 
(8.5  in.)  +  3%  cm  (1.5  in.). 

b.  For  both  detection  and  tracking:  30  cm  (12  in.)  +  5  cm 
( 2  in . )  . 

c.  Tactical  or  situation  displays:  at  least  38  cm  (15  in.); 
maximum  76  cm  (30  in.). 

d.  Alphanumeric  displays:  size  these  by  considering  the 
largest  format  which  will  be  required  and  the  recommended 
character  size.  (See  5.5.5.) 

e.  TV:  minimum  12  cm  (5";  maximum  60  cm  (24  in.). 

f.  Single  character  display:  1.9  cm  (0.75  in.)  minimum. 

g.  Display  of  single  pulse  or  short  sweep  segment  for 
qualitative  monitoring  on'y:  1.9  cm  (0.75  in.)  minimum. 
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5.?.. 4. 2. 17  Viewer  Protection  -  A  transparent  safety  screen  which 
may  be  integral  with  the  CRf  faceplate  shall  be  provided  to  pre¬ 
vent  implosion  injury.  Protection  as  needed  shall  also  be  pro¬ 
vided  against  low-intensity  X-radiaLion  as  prescribed  by  current 
regulations  of  the  Bureau  of  Radiological  Health  of  the  Food  and 
Drug  Administration. 


Ref: 


rationale/references 


Cakir,  Hart  &  Stewart 
VDT  Manual,  1979,  p. 


,  The 
23” 


5.2.4.2.18  "Housekeeping"  Controls  -  The  number  of  “housekeeping” 
controls  (e.g.,  focus,  intensity,  and  centering)  to  be  used  by 
the  operator  for  adjustment  of  the  CRT  shall  be  kept  to  a  minimum. 
Such  controls  which  are  to  be  used  by  the  operator  (as  opposed  to 
a  maintenance  technician)  shall  be  finger-operated  and  available 
from  the  front  panel  but  recessed  and  preferably  covered  when  not 
in  use. 


5.2.4.2.19  Display  Composition  Features  -  Convenient  controls 
shall  be  provided  tor  structuring  the  display  format  and  content 
in  accordance  with  user  requirements.  Display  capability  shall 
be  provided  to  present  both  the  current  settings  of  all  controls 
relating  to  display  composition,  and  the  total  range  of  settings 
available. 


5.2.4.2.20  Viewing  Angle  -  CRT  screens  should  be  perpendicular 
to  the  operator's  Tine  of  sight  (i.e.,  have  a  90°  viewing  angle 
at  screen  center)  whenever  feasible  and  no  part  of  any  screen 
including  secondary  CRTs  shall  offer  a  viewing  angle  of  less  than 
45°  from  the  operator's  normal  position. 

5.2.4. 3  Special  Requirements  for  TV  Displays 

5. 2. 4. 3.1  Resolution  -  Resolution  shall  be  400  lines  or  greater 
both  horizontally  and  vertically  except  that  for  low-resolution 
applications,  line  spacing  need  not  be  closer  than  needed  to  sub¬ 
tend  1  minute  of  arc  from  the  normal  viewing  position. 


Ref:  Boeing  Co.,  Design  Handbook 
for  Imagery  Interpretation 
Equipment,  1975,  Ch.  4. 


5. 2. 4. 3. 2  Frame  Rate  and  Interlacing  -  Except  for  s low-scan 
systems  for  reproduction  ot  static  images,  the  frame  rate  for 
sampling  of  video  material  shall  be  a  minimum  of  30  per  second. 
There  shall  be  two  display  scans  (fields)  per  frame  period  (or  a 
minimum  of  60  per  second)  with  the  lines  of  the  second  scan  in 
the  frame  period  interlaced  with  the  lines  of  the  first  scan. 


Standard  practice  provides 
satisfactory  results. 
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5. 2. 4. 3 .3  Phosphors  -  The  phosphors  for  TV  screens  shall  have 
short  or  medium  persistence  and  high  output  (e.g.,  the  P-4  or  P-23 
for  black  and  white  monitors,  and  the  P-22  or  P-27  for  color 
monitors). 


RATIONALE/REFERENCES 


5. 2. 4. 3. 4  Distortion  -  Spot  diameter  shall  not  vary  by  more  than 
a  ratio  of  1.5  to  1T0  at  any  two  points  on  the  screen.  Distortion 
shall  net  be  sufficient  to  cause  obvious  non-linearity  anywhere 
on  the  screen  when  viewing  alphanumeric  formats  or  picture  images.  ; 


Professional  judgment 


5. 2. 4. 3. 5  Gray  Scale  -  There  shall  be  a  minimum  of  at  least  5 
distinguishable  gray  scale  levels.  When  the  requirements  include 
interpretation  of  handwriting,  resolution  of  fine  detail,  or  com¬ 
plex  imago  interpretation,  up  to  8  gray  scale  levels  should  be 
provided. 


Ref:  Boeing  Co.,  Design  Handbook  i 
Image  Interpretation  Eouipmen 

iv 7T,  Ch.  r. — - -  — 


5. 2. 4. 4  Special  Requirements  for  Sensor  Displays 

5. 2. 4. 4.1  Types  of  Scans  -  The  type  of  scan  selected  shall  be 
appropriate' to  the  operator’s  task  in  utilizing  the  sensor  data. 

Commonly-usec  scan  types  shall  be  selected  in  preference  to  novel 
or  experimental  scan  types  except  as  approved  by  the  procuring 
activity. 

5. 2. 4. 4. 2  Display  Scale  Sizes  and  Range  Ring  Values  -  Display  1  Professional  judgment,  based  on  the 
scale  shall  be  selected  on  the  basis  or  the  following  criteria.  !  Van  Cott  HE  Guide  and  other  sources. 


a.  If  range  rings  are  to  be  used  the  display  scales  selected 
should  be  compatible  with  use  of  a  constant  number  of 
range  rings  regardless  of  scale,  as  follows: 


3  Range  Rings 

Any  decimal 
multiples  of: 

15  unit  scale 
30  unit  scale 
60  unit  scale 


4  Range  Rings 

Any  decimal 
multiples  of: 

4  unit  scale 
8  unit  scale 
20  unit  scale 


5  dar.gc  Rings 

Any  decimal 
multiples  of: 

5.  unit  scale 
10  unit  scale 
25  unit  scale 


Display  systems  capable  of  presenting  aiphanumerics  should  present 
range  ring  values  on  the  CRT. 


mO 
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b.  Appropriate  scale  liraies  considering  sensor  character-  Processional  judgment, 

istics  such  as  minimum  range,  range  resolution,  bearing 
resolution,  and  maximum  range  of  detection.  (Also  see 
5. 2. 4. 4. 4. >  For  example,  the  display  scales  for  use 
with  a  shipboard  surface  search  radar  having  a  minimum 
range  of  20G  years  and  a  maximum  range  of  36  miles  might 
be  as  follows: 


(1)  Minimum  -  one  mile  (not  more  than  10  tines  the  j 

minimum  range  value,  to  capitalize  on  range  deter-  ‘ 

minatior.  at  close-in  ranges  as  in  station  keeping).  1 

(2)  Maximum  -  40  miles  (accommodates  maximum  range  of  ' 

the  radar  and  is  a  good  scale  for  estimation  and  I 

interpolation).  { 

l 

c.  Area  and  scaling  limits  suggested  by  representative  j 

operational  situations  including  warfare  operations,  i 

search  patterns,  maneuvers,  flight  operations,  etc.  j 

For  example,  an  aircraft  carrier  which  may  have  a  number  j 
of  missions  involving  close-in  aircraft  operations  at  { 

ranges  from  10  to  20  rules  should  have  a  20  mile  display 
scale  for  monitoring  and  control  of  aircraft  on  such 
missions. 


5-2. 4,4. 3  Offset  -  Provision  for  offsetting  display  center  should; 
be-  made  if  i*  is  expected  chat  operators  may  find  it  advantageous  » 
to  sometimes  confine  their  attention  to  an  expanded  portion  of  j 
the  display  which  would  not  be  cencered  on  the  sensory  location,  t 
The  preferred  way  to  offsetting  is  through  positioning  of  a  CRT  j 
marker  on  the  desired  new  display  center  by  means  of  a  evo-  i 

coordinate  controller  ana  activation  by  means  of  an  entry  switch.  ! 
If  the  amount  of  offset  is  sufficient  to  display  the  original  I 
display  center  off  the  scope,  then  sene  simple  means  of  recap-  ! 
turtng  the  original  center  shall  be  provided.  * 

j 

t 

I 

! 
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5.2.4 .4. A  Resolution,  Signal  Size,  and  Viewing- Distance  -  In 
general,  the  'display  should  present  sensor  signals  with  sufficient 
display  resolution  to  match  the  resolution  of  the  system  (e.g., 
a  precision  radar  needs  a  high  resolution  display  but  a  mosaic  of 
infrared  detectors  can  suffice  with  a  much  lower  display  resolu¬ 
tion).  The  signal  size  should  be  sufficient  to  provide  a  sub¬ 
tended  visual  angle  for  the  target  of  at  least  12  minutes  of  arc 
for  the  normal  position  of  the  viewer.  When  the  target  is  of 
complex  shape  and  recognition  is  required,  it  should  subtend  no 
less  than  20  minutes  of  visual  angle  and  at  least  10  lines  or 
resolution  elements  (25  minutes  in  presence  of  heavy  noise  or 
clutter) . 


Ref: 


rationale/references 


NAVSHIPS  Display  Illumination 
Design  Guide  (NeLC  TD  223) 
1973;  Sect.  hi. 


5. 2. 4. 4. 5  Reference  and  Boundary  Marks  -  Provision  may  be  made 
for  range  rings, "grid  marks,  azimuth  markings,  map  outlines, 
operational  boundaries,  velocity  vectors,  etc.,  as  appropriate 
for  the  intended  operational  situation.  When  such-  aids  are  pro¬ 
vided  they  shall  be  selected-  as  needed,  parallax-free,  and  con¬ 
trollable  in  intensity.  There  should  be  no  more  than  5  range 
rings  on  a  PPI. 


5. 2. 4. 4. 6  Operator  Loading  -  In  planning  the  number  of  detection 
and  tracking  displays  which  may  be  needed  in  a  system,  the  follow¬ 
ing  criteria  should  be  considered. 


Professional  judgment,  based  on 
operational  experience  with  display 
systems . 


a.  Detection  performance  decreases  as  the  amount  of  target 
activity  increases.  Detection  displays  should  not  require 
monitoring  of  more  than  four  concurrent  and  independent 
detection  situations  by  an  unaided  operator. 


b.  In  a  computer-based  system  relying  upon  operator  updating 
of  target  positions,  individual  displays  should  hot  re¬ 
quire  tracking  of  more  than  six  independent  air  targets 
or  more  than  15  independent  surface  targets.  Systems 
which  will  be  employed  in  situations  where  there  may  be 
groups  of  targets  moving  with  common  velocities  should 
■be  capable  of  presenting  computer-aided  tracking  aids 
such  as  raid-forming  gates  which  treat  the  entire  group 
as  a  single  target  for  tracking  purposes. 
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Systems  performing  automatic  detection  and  tracking  shall 
provide  sufficient  display  capability  to  accommodate  an 
appropriate  level  of  operator  monitoring  for  manual  back¬ 
up  in  case  of  computer  failure.  (See  also  paragraph 
5.2.4.5.11.3.) 


rationale/references 


5. 2. 4. 4. 7  Automatic  Sequencing  -  Computer-aided  display  systems 
may  provide  priority-ordered  automatic  sequencing  to  facilitate 
manual  track  position  updating  or  other  recurrent  manual  opera¬ 
tions.  With  automatic  sequencing,  each  time  a  position  update 
is  entered  by  the  operator,  a  marker  on  the  display  steps  to  the 
position  of  the  next  track  needing  updating. 

5.2  A. 4. 8  Data  Readout  -  Computer-aided  display  systems  shall 
provide  convenient  operator-oriented  facilities  for  readout  of 
selected  information  on  demand.  In  tactical  data  systems  this 
may  involve  use  of  a  two-coordinate  controller  to  designate 
specific  tracks  on  the  CRT  for  readout,  and  an  auxiliary  display 
presenting  formatted  information  held  by  the  computer  concerning 
the  designated  track. 

5. 2. 4. 4. 9  Handover  -  Computer-aided  display  systems  shall  pro¬ 
vide  convenient  means  for  transferring  responsibilities  between 
operators  (e.g.,  handover  of  targets  on  the  basis  of  sector 
transit  or  operator  overload). 


5.2.4.4.10  Display  Gates  -  Computer-aided  systems  may  provide 
display  gates  controllable  in  size  and  position  by  the  operator 
to  designate  areas  within  which  signal  return  is  blanked  out 
(censored)  or  identified  as  calling  for  special  processing, 

5 . 2 . 4 . 5.  Special  Requirements  for  Computer- Generated  Displays 

5 . 2 . 4 . 5 . 1  Display  of  Processed  Sensor  Data 

5. 2. 4.5.1'.  1  Quantized  Data  -  Systems  which  process  and  quantize 
sensor  data  before  presenting  it  co  ah  operator  for  detection 
should  provide : 
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a.  A  minimum  signal  size  on  the  display  of  12  minutes  of 
visual  angle  for  the  viewer's  normal  position. 

b.  Display  coding  to  maximize  the  opportunity  to  discrimin¬ 
ate  signals  from  noise. 

c.  Operator  control  to  electronically  mark  points  to  be 
monitored,  correlated,  entered,  or  dropped. 

5. 2. 4. 5. 1.2  Time-Integrated  Data  -  Systems  which  accumulate 
processed  data  and  present  all  or  part  of  that  history  in  inte¬ 
grated  fashion  on  current  scans  should  provide: 

a.  Controls  for  adjusting  the  amount  of  data  history  to  be 
displayed. 

b.  Means  to  differentiate  the  most  recent  data  from  the 
older  data. 

c.  Operator  control  to  electronically  mark  points  to  be 
entered  or  dropped. 

5. 2. 4. 5. 1.3  Time-Compressed  Data  -  Systems  which  accumulate 
processed  data  and  present  all  or  part  of  that  history  in  ac¬ 
celerated  sequential  playback  should  provide  controls  for: 

a.  Adjusting  the  amount  of  data  history  to  be  displayed. 
(For  most  applications  the  minimum  number  of  scans 

to  be  displayed  in  a  sequence  should  be  six  or  more.) 

b.  Adjusting  playback  rate  between  the  limits  of  12  and  30 
frames  per  second. 

c.  Electronically  marking  points  tb  be  entered  or  dropped. 

5 . 2 . 4 . 5 . 2  Alphanumeric  Characters 

5. 2. 4. 5. 2.1  Character  Generation  -  Provided  they  meet  the  legi¬ 
bility  requirements  specified  in  5.2. 4. 5. 2. 2  characters  may  be 
generated  by  any  of  the  commonly  used  techniques  including  the 
following . 


rationale/references 


Ref:  NAVSHIPS  Display  Illumination 
Design  Guide  (NeLc  ID  223) 
1973  .^ecT  Til. 


Professional  judgment. 


Ref:  Cakir,  Hart,  &  Stewart,  The 
VDT  Manual,  1979,  pp.  13=TS. 
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a.  Stroke  generation,  in  which  the  character  is  drawn  by 
deflecting  the  CRT  beam  through  a  series  of  connected 
line  segments, 

b.  Lissajous  generation,  in  which  the  beam  is  deflected 
through  a  sequence  of  segments  of  lissajous  figures. 

c.  Facsimile  generation,  in  which  character  shapes  are  store 
in  analog  form  as  a  mask  within  the  CRT  and  are  used  to 
shape  the  electron  beam. 

d.  Dot  matrix  generation  in  which  an  electronically  stored 
dot  matrix  memory  is  used  to  intensity-modulate  the  beam 
as  it  scans  the  character  space. 

5. 2. 4. 5. 2. 2  Legibility  Requirements  -  CRT-presented  characters 
shall  be  designed  so  as  to  avoid  ''look-alike"  pairs  which  might 
be  confused  with  one  another  (e .g. ,  B  and  8,  5  and  S,  0  and  D.) 
Characters  should  generally  conform  to  the  legibility  require¬ 
ments  specified  in  paragraph  5. 2. 6.2. 3. 2  except  as  follows: 

a.  Stroke  width  on  CRTs  for  single-operator  use  may  be 
determined  by  the  normal  width  of  a  stroke  on  the  CRT 
rather  than  by  a  fixed  ratio  of  stroke  width  to  height. 

b.  Minimum  character  height  on  raster  scans  shall  be 
7  raster  lines. 

5. 2. 4. 5. 3  Symbols  and  Symbol  Modifiers  -  Symbols  and  their 
modifiers  which  are  presented  on  CRTs  shall  meet  the  following 
requirements.  (Also  see  paragraph  5.5.) 

a.  Except  for  dots,  small  circles,  and  keyboard-generated 
symbols  such  as  the  dash,  quotation  marks,  commas,  etc., 
minimum  height  of  symbols  shall  at  least  equal  the  mini¬ 
mum  height  for  characters  as  specified  in  paragraph 
5. 5. 5. 6.  Minimum  symbol  height  on  raster  scans  shall  be 
at  least  7  raster  lines. 


rationale/references 


Ref:  MIL-HDBK-759,  p.  195. 


Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Design , 

--i972,"~p."T<Rj:  - 
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rationale/references 


b.  Color  coding  of  symbols  shall  be  used  only  redundantly  Professional  judgment, 
with  some  other  coding  technique.  (For  example,  if  shape 

coding  is  utilized  to  differentiate  between  hostile  and 
friendly  tracks,  color  coding  may  also  be  used  to  enhance 
the  difference,  but  color  coding  shall  not  be  used  as 
the  sole  means  of  differentiation.) 

c.  Selection  of  a  symbol  set  and  modifiers  shall  be  based 
on  the  following  criteria. 

(1)  Symbols  and  modifiers  should  reflect  the  inter¬ 
relationships  among  the  data  in  the  set  to  be 
represented.  Thus  if  a  target  is  represented  by 
a  circle,  an  engaged  target  should  be  presented 
as  a  modified  circle  (e.g.,  a  circle  with  a  bar 
across  it)  rather  than  as  a  completely  different 
symbol  (e.g.,  a  triangle). 

(2)  Clear  differentiation  shall  be  maintained  between 
basic  symbol  types,  between  modified  symbol  types, 
and  between  modified  and  unmodified  symbols. 


(!)  No  more  than  5  variations  (3  preferred)  in  a  single  Absolute  discrimination  between 

dimension  (e.g.,  hue  for  color  coding)  shall  be  about  7  values  on  a  single  dimension 

utilized  in  any  set  of  symbols  which  must  be  dis-  is  often  cited  in  the  literature, 

criminated  from  one  another  on  an  absolute  basis  Since  performance  is  likely  to  be 

(without  side  by  side  comparison).  more  error-prone  under  stress  than 

under  laboratory  conditions,  a 
more  conservative  figure  of  not 
more  than  5  discriminations  in  a 
single  dimension  would  appear  to 
be  warranted. 
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5. 2. 4. 5. 4  Refresh  Rates  -  Except  for  time-compressed  data  and  Professional  judgment,  based  on 

warning  or  alerting  signals,  all  data  on  CRTs  shall  be  displayed  data  from  many  sources  including 

at  refresh  rates  of  at  least  28  per  second  or  greater  as  needed  NAVSHIPS  Display  Illumination 

to  prevent  noticeable  flicker.  besign  "Guide,  1973,  p.  1V-14. 

5. 2. 4. 5. 5  Display-Compoisiton  Features  -  Convenient  controls 
shall  be  provided  to  allow  the  operator  to  select  the  categories 
of  information  which  are  needed  for  independent  display  and  to 
determine  how  the  selected  information  shall  be  displayed  (e.g., 
normal  symbology,  dots  only,  intensified,  blinking,  etc.,  if  this 
type  of  selective  control  over  presentation  mode  is  needed  by  the 
operator  for  task  performance).  Controls  should  be  on  an  alter¬ 
nate  action  basis  so  that  one  switch  action  adds  the  category 

and  the  alternate  action  removes  it  (as  opposed  to  two  independent 
controls,  one  to  add,  and  the  other  to  remove.)  Positive  indica¬ 
tion  shall  be  provided  at  all  times  for  the  state  of  the  display- 
composition  switches  (i.e.,  the  operator  needs  to  be  able  to 
conveniently  read  out  at  any  point  in  time  precisely  how  the  dis¬ 
play  has  been  structured). 

5. 2. 4. 5. 6  Operator/Computer  Interaction  -  The  opportunity  for 
constructive  use  of  operatorV computer  ’  interaction  sha.Yl  be  con¬ 
sidered  for  the  following  as  applicable: 

a.  Generation  of  trial  solutions  to  tactical  problems. 

b.  Generation  of  free-drawn  graphics. 

c.  Solution  of  relative  motion  problems. 

d.  Construction  of  formatted  messages, 

e.  Editing  of  messages. 

5. 2. 4. 5. 7  Data  Readout  -  Computer-generated  display  systems 
shall  provide  convenient  operator-oriented  means  for  readout 

of  selected  information  on  demand.  In  tactical  data  systems  this 
may  involve  use  of  a  two-coordinate  controller  to  designate 
specific  tracks  for  readout,  a  keyboard  for  entry  of  instructions 
to  the  computer,  sophisticated  computer  algorithms  for  processing 
of  information  per  operator  request,  and  displays  for  presenting 
formatted  information  in  response  to  track  oriented  or  other 

information  requests.  69 
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5. 2. 4. 5. 8  Handover  -  Computer-generated  display  systems  shall  Professional  judgment, 

provide  convenient  means  for  transferring  responsibilities  be¬ 
tween  operators  (e.g.,  complete  handover  of  responsibility  as  in 
shutting  down  a  console,  or  handover  of  individual  targets  on 
the  basis  of  sector  transit,  engagement  status,  or  operator  over¬ 
load). 


5. 2. 4. 5. 9  Inter-Display  Pointing  -  Incorporation  of  inter¬ 
display  pointing  shall  lie  considered  so  as  to  allow  each  operator 
to  position  a  display  marker  and  drive  one  or  more  slaved  markers 
on  other  displays  as  selected,  so  as  to  facilitate  communication 
regarding  areas  of  interest. 

5.2.4.5.10  Composition  and  Editing  of  Messages  -  When  the  com¬ 
puter  is  usee)  to  assist  the  operator  in  composing  and/or  editing 
CRT-displayed  messages  the  following  features  should  be  provided. 


A  cursor  on  the  display  (e.g.,  a  line  beneath  a  charac¬ 
ter)  to  identify  where  the  operator  is  in  the  sequence. 


b . 


Controls  as  needed  to  allow  rapid  positioning  of  the 
cursor . 


c.  Selection  capability  for  standard  message  formats. 


d.  Automatic  composition  of  those  parts  of  standard 
formats  for  which  the  computer  has  the  data. 


I 

i 

i 

i 

i 
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5.2.4.5.11  Automation  of  Functions 


5.2.4.5.11.1  Criteria  for  Automation  -  Automated  systems  should 
be  used  to: 

a.  Prevent  operator  saturation  as  in  the  detection  and 
tracking  of  large  numbers  of  targets  in  a  surveillance 
system. 

b.  Detect  events  (e.g.,  targets  or  signals)  when  the 

frequency  of  occurrence  is  very  low  and  the  unaided  j 

operator  cannot  maintain  the  required  vigilance  over  the 
long  period  of  time  between  events. 


70 


c.  Replace  manual  functions  wherever  the  capabilities  of 
the  automated  system  are  clearly  superior  to  chose  of  a 
purely  manual  system. 

5.2.4.5.11.2  Data  Filtering  for  Monitoring  Automated  Functions  - 
Displays  used  exclusively  for  monitoring  automated  functions 
should  operate  on  a  discrepancy  or  "management  by  exception" 
basis  wherein  only  those  data  which  deviate  from  expectation 
according  to  system  mode  and  operational  conditions  are  displayed. 
(This  includes  data  on  processor  function  as  well  as  operational 
data . ) 

5.2.4.5.11.3  Data  Presentation  for  Manual  Backup  -  In  systems 
where  manual  backup  may  be  required  in  case  of  computer  failure, 
the  backup  display  shall  not  operate  strictly  on  a  discrepancy 
basis  but  rather  shall  present  sufficient  data  to  keep  the  op¬ 
erator  advised  of  the  current  state  of  piocessing  and  to  provide 
all  the  baseline  data  which  would  be  needed  to  initiate  manual 
operation  at  any  point  in  time. 

5.2.4.5.11.4  Timelv  Data  Processing  and  Display  -  Automated 
systems  shall  be  designed  so  as  to: 

a.  Respond  to  operator  information  requests  and  control  in¬ 
puts  in  a  timely  manner. 

b.  Impose  minimal  burden  on  the  operator  for  routine  aspects 
of  data  management. 

c.  Present  routine  information  to  the  operator. on  a  time- 
phased  basis  related  to  the  task  sequence  but  present 
urgent  information  on  a  interrupt  basis  using  alerting 
techniques . 


Professional  judgment. 
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5.2.5  Large-Scale  Displays 

5.2.5. 1  Desion  -  The  design  of  large-scale  displays  intended  for  group 
observation  shall  conform  with  the  basic  visual  criteria  in  other  para¬ 
graphs  of  this  standard,  and  the  additional  requirements  below.  Also, 
see  5. 2. 6. 6. 

5. 2. 5. 2  Legibility  -  The  height-to-width  ratio,  stroke  width,  site,  and 
spacing  of  display  symbols  shall  be  such  that  all  characters  will  be 
legible  at  the  maximum  viewing  angle  and  distance  (minimum  of  15'  arc). 


The  key  issue  of  when  and  how  to 
use  large  screen  displays  is  ever 
present  in  modern  systems,  and  the 
present  material  says  noLiiing  about 
when  and  how  co  use  such  displays. 

The  legibility  statement  leaves  ten 
much  to  the  jud"trenr  of  the  de¬ 
signer,  i.e.,  assumes  he  will 
look  at  all  of  the  other  sections 
dealing  with  legibiliev 


5.2.5 
5. 2. 5.1 
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rationale/references 


Large-Screen  Displays 

Application  -  Large-screen  displays  may  be  used  when: 

A  group  of  operators  frequently  refer  to  the  same  infor¬ 
mation  and  are  required  to  interact  as  a  team,  based  on 
the  sane  information. 


The  applications  statements  are 
ones  typically  found  in  analyses 
leading  to  decisions  on  whether  to 
use  large  screen  displays  vs  indi¬ 
vidual  operator  displays  and  com¬ 
munication  links. 


b. 


c. 


d. 


One  or  more  members  of  a  team  of  operators  have  to  move 
about,  yet  require  frequent  referral  to  information  re¬ 
quired  to  make  decisions,  but  which  they  cannot  carry 
with  them,  ov  do  not  have  displayed  at  the  specific 
position  at  which  they  happen  to  be. 

There  are  space  or  other  constraints  that  preclude  the 
use  of  individual  displays  for  each  team  member  to  call 
up  commonly-used  info-miation. 

It  may  be  desirable  t:o  have  general  informat*,on  available 
to  persons  who  should  not  interrupt  on-going  group  op¬ 
erations  by  looking  over  the  shoulder  of  individual 
operators  to  see  their  individual  displays. 


The  advice  when  not  to  use  such  dis¬ 
plays  is  based  on  some  of  the 
typical  examples  of  poor  use  of 
large  screen  displays^^the  pur¬ 
pose  of  which  is  -o  preclude  some 
one  trying  to  use  such  a  display 
when  the  physical  constraints  make 
the  resulting  work  conditions 
extremely  awkward  or  difficult,  i.e., 
difficulties  outweigh  any  slight 
advantage  the  large  display  could 
have  provided,  given  proper  spatial 
environment. 


Large-screen  displays  should  not  be  used  when  the  spatial  and 
environmental  conditions  dc  not  allow  satisfactory  observational 
geometry  to  insure  that  all  critical  operators  have  appropriate 
visual  access  in  terms  of  viewing  distance,  angle  and  lack  of 
interference  from  intervening  objects  -or  personnel  and/or  ambient 
lighting. 


5. 2. 5. 2  Angle  of  View  -  All  critical  display  observers  shall  be 
able  to  view  the  display  as  perpendicularly  as  possible,  and  in 

no  case  at  an  angle  of  less  than  40°  from  the  plane  of  the  screen. 

5.2. 5.3  Viewing  Distance  -  The  display  shall  not  be  placed 
further  from  an  observer  than  will  provide  appropriate  resolution 
of  critical  detail  presented  oh  the  display  (see  legibility  re¬ 
quirements  5.5).  And  the  display  shall  not  be  closer  to  any 
observer  than  1/2  the  display  width  or  height,  whichever  is' 
greater. 


Although  screen/seating  criteria 
are  provided  for  projection  systems 
it  is  not  always  the  same  for  non¬ 
protected  systems  that  ^»re  not 
audience-oriented . 
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5. 2. 5. 4  Physical  Interruption  of  View  -  Large-screen  displays 
shall  not  be  located  with  respect  to  critical  observers  so  that 
view  of  the  display  is  obscured  regularly  by  persons  moving  about 
(i.e.,  normal  traffic  patterns). 

5. 2. 5. 5  Control  of  Displayed  Information  -  Large-screep  group  Professional  judgment, 

display  systems  shall  be  designed  so  that  critical  information 

cannot  be  modified  or  deleted  inadvertently  or  arbitrarily,  i.e.: 

a.  Changes  in  the  group  display  shall  be  controllable  by 
designated  operators  who  operate  according  to  pre- 
established  procedures  and/or  upon  command  of  a  person 
in  charge. 

b.  Separate  displays  should  be  provided  for  operators  who 
oust  make  changes  in  display  format  or  content  which 
would  be  disruptive  to  other  operators. 

c.  Display  composition  features  as  specified  ir.  5,2.4.2.1.9 
shall  be  provided  as  appropriate  for  monitoring  and 
control  of  display  format  and  content. 


74 


MFI  COMMENTS 


Too  brief  to  cover  Che  topic, 
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5*2.6  Other  Displays 

5.2.6. 1  General 


5.2. 6. 1.1  Types  -  Where  applicable,  direct- reading  counters,  printers, 
plotters,  flags ,  optical  projection  displays  and  light  emitting  diodes 
(LECs)  should  be  considered. 


Needs  some  reorganization  in 
order  to. accept  new  requirements. 


5.2.6. 1.2  Appl i cations  -  The  selection  of  the  above  'types  of  displays 
for  various  applications  should  be  based  on  the  following  specific 
criteria  as  well  as  the  criteria  in  Table  III. 

5. 2.6. 2  Counters  There  are  mere  than  drum-type 

counters. 

5. 2. 6. 2.1  Appl ication  -  Counters  should  be  used  for  presenting  quanti¬ 
tative  data  when  a  continuous  trend  indication  is  not  required  and 
when  a  quick,  precise  indication  is  required. 

5. 2. 6. 2. 2  Mounting  -  Counters 'shal 1  be  mounted  as  close  as  possible  to 
the  panel  surface  so  as  to  minimize  parallax  and  shadows  and  maximize 
the  viewing  angle. 


5. 2. 6. 2. 3  Numeral  Proportions  -  The  height-to-width  ratio  of  numerals 
shall  be  1  :'i  with  the  exception  of  the  number  "1",  which  shall  be  one 
stroke  width. 


5. 2. 6. 2. 4  Sparing  Between  Numerals  -  The  horizontal  separation  between 
numerals  shall  be  between  one-quarter  and  one-half  the  numeral  width. 
(Coonas  shall  not  be  used.) 

5. 2. 6. 2. 5  Movement  - 

a.  Snap  Action  -  Numbers  shall  change  by  snap  action  in'  preference 
to  continuous  movement. 

b.  -  Numbers  shall  follow  each  other  not  faster  than  2  per 
second  when  the  observer  is  expected  to  read  the  numbers  consecutively. 


c*  Diction  -  The  rotation  of  the  counter  reset  knob  shall  be 
clockwise  to  increase  'ihe  counter  Indication  or  to  reset  the  counter. 
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d.  Automatic  Reset  -  Counters  used  to  indicate  the  sequencing  of 
equipment  shall  be  designed  to  be  reset  automatically  upon  completion 
of  the  sequence.  Provision  shall  also  be  made  for  manual  resetting. 

5. 2. 6. 2. 6  1 1 lumination  -  Counters  shall  be  self-illuminated  when  used 
in  areas  in  which  ambient  illumination  will  provide  display  luminance 
below  1  ft-L  (3.4  cd/m!). 

5.2.6.2.7  Finish  -  The  surface  of  the  counter  drums  and  surrounding 
areas  shall  have  a  dull  finish  so  as  to  minimize  glare. 

5. 2. 6. 2. 8  Contrast  -  Color  of  the  numerals  and  background  shall  provide 
high  contrast  (black  on  white  or  converse,  as  appropriate). 

5. 2. 6. 3  Printers  - 

5. 2. 6. 3.1  Appl ication  -  Printers  should  be  used  when  a  visual  record 
of  data  is  necessary"  or  desirable. 

5. 2. 6. 3. 2  Form  of  Information  -  Printed  information  shall  be  presented 
in  a  directly  usable  form  with  minimal  requirements  for  decoding,  trans¬ 
posing,  and  interpolating. 

5.2.6. 3. 3  Insertion  and  Removal  of  Materials  -  Printers  shall  be 
designed  to  provT3e”ror  quick  and  easy  insertion  and  removal  of  printing 
materials. 

5. 2. 6. 3. 4  Take-up  Provision  -  A  take-up  device'for  printed  material 
shall  be  provided. 

5. 2. 6. 3. 5  Supplier  -  A  positive  indication  of  the  remaining  supply  of 
printing  materials  (e.g.,  paper,  ink,  and  ribbon)  shall  be  provided. 

5. 2. 6. 3. 6  Annotation  -  Where  applicable  printers  should  be  mounted  so 
that  the  tape  may  be  easily  annotated  while  still  in  the  recorder. 

5. 2.6.3. 7  Printed  Tapes  -  The  information  on  the  tapes  shall  be  printed 
in  such  a  manner  that  it  can  be  read  directly  when  it  is  received  from 
the  machine  without  requiring  the  cutting  and  pasting  of  sections  of 
tape. 
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5. 2. 6. 3. 8  Visibil i ty  -  The  printed  matter  shall  not  be  in  any  way 
hidden,  masked  or  obscured  so  that  direct  reading  cannot  be  easily 
and  accurately  accomplished. 

5. 2. 6. 3. 9  Illumination  -  The  printer  shall  be  designed  with  internal 
illumination  if  the  printed  matter  is  not  completely  and  easily 
readable  in  the  operational  ambient  i.l l'umination  planned  for  the 
printer. 


5.2.6.3.10  Contrast  -  A  minimum  of  50X  luminance  contrast  shall  be 
provided  between  the  printed  material  and  the  background  on  which  it 
is  pr’nted. 

5. 2. 6. 4  Plotters  - 

5. 2. 6. 4.1  Use  -  Plotters  should  be  used  when  a  visual  record  of  con¬ 
tinuous  graphic  data  is  necessary  or  desirable. 

5. 2. 6. 4. 2  Visibility  -  Plotting  points  shall  be  readily  visible  and 
shall  not  be  obstructed  by  the  pen  assembly  or  arm. 

5. 2. 6. 4. 3  Contrast  -  A  minimum  of  50S  contrast  shall  be  provided 
between  the  plotted  function  ar.J  the  background  on  which  it  is  drawn. 

5. 2. 6. 4. 4  Take-up  Oevice  -  A  take-up  device  for  extruded  plotting 
materials  shall  be  provided  when  necessary  or  desirable. 

5. 2. 6. 4. 5  Job  Aids  -  Aids  (e.g.,  graphic  overlays)  shall  be  provided 
when  an  operator  is  required  to  interpret  graphic  data,  but  >uch  aids 
shall  not  obscure  or  distort  the  data. 

5. 2. 6. 4. 6  Annotation  -  Where  applicable  plotters  should  be  mounted  so 
that  the  plotted  information  may  be  annotated  while  still  in  the  plotter. 

5. 2. 6. 5  Flags  - 

5. 2. 6. 5.1  Application  -  Flags  should  be  used  to  display  qualitative, 
non-emergency  conditions. 
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5. 2. 6. 5. 2  Mounting  -  Flags  shall  be  mounted  as  close  to  the  surface 

of  the  panel  as  possible  without  restricting  their  movement  or  obscuring 
necessary  information. 

5. 2. 6. 5. 3  Snap  Action  -  Flags  shall  operate  by  snap  action. 

5.2.6.5.4  Contrast  -  A  minimum  of  50  percent  contrast  shall  be  provided 
between  flags  and  their  backgrounds  under  all  expected  lighting  condi¬ 
tions. 

5. 2. 6. 5. 5  Malfunction  Indication  -  When  flags  are  used  to  indicate  the 
malfunction  of  a  visual  display,  the  malfunction  position  of  the  flag 
shall  at  least  partially  obscure  the  operator's  view  of  the  malfunction¬ 
ing  display  and  shall  t>e  readily  apparent  to  the  operator  under  all 
expected  levels  of  illumination. 

5. 2. 6. 5. 6  Test  Provision  -  A  convenient  means  shall  be  provided  for 
testing  the  operation  of  flags. 

5. 2. 6. 6  Optical  Projection  Displays  - 

5. 2. 6.6.1  App 1 i ca t i on  -  Providing  ambient  light  can  be  properly  control¬ 
led,  optical  projection  displays  are  suitable  for  applications  requiring 
group  presentation,  pictorial  and  spatial  information,  past  history  vs 
real-time  presentation,  synthetically  generated  pictures,  simulation  of 
the  external  world 'and  superposition  of  data  from  more  than  one  source. 

5. 2. 6. 6. 2  Seating  Area  -  Optical  projection  displays  for  group  viewing 
shall  be  designed  such”that  viewing  distance/ image  width  relationship 
and  off-centerline  viewing  should  conform  to  the  preferred  limits  of 
Table  IV  and  shall  not  exceed  the  acceptable  limits  indicated.  For 
individual  viewing  from  a  fixed  location,  off-centerline  viewing  shall 
not  exceed  10°. 

5. 2. 6. 6. 3  Image  Luminance  and  Light  Distribution  -  Image  luminance  and 
light  distribution  should  conform  to  the  preferred  limits  and  shall  not 
exceed  the  acceptable  limits  of  Table  IV. 
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5. 2. 6. 6. 4.1  Style  -  A  simple  style  of  numerals  and  letters  shall  be 
used.  Capital  letters  shall  be  used,  rather  than  lower  case,  except 
for  extended  copy  or  lengthy  messages.  Stroke  width  shall  be  1/6  to 
1/8  of  numeral  or  letter  height;  however,  stroke  width  may  be  narrower 
for  light  markings  on  a  dark  background.  Letter  and  numeral  widths, 
character  spacing  and  word  spacing  shall  conform  to  5. 5. 5. 4,  5. 5. 5. 5, 

5. 5. 5. 9,  and  5.5.5.10,  respectively. 

5. 2. 6. 6. 4. 2  Size  -  The  height  of  letters  and  numerals  shall  not  be 
less  than  15  minutes  of  visual  angle  as  measured  from  the  longest  anti- 
cipateo  viewing  distance. 

5. 2. 6. 6. 4. 3  Contrast  -  Characters  may  be  either  dark  on  light  back¬ 
ground  or  vice-versa,  except  where  superposition  is  used.  Colored 
markings  against  colored  backgrounds  of  comparable  brightness  shall 
be  avoided. 

5. 2. 6. 6. 4. 4  Alignment  -  Misregistration  of  superimposed  alphanumeric 
data  or  other  symbols  shall  bd  minimized. 

5. 2. 6. 7  Light  Emitting  Diodes  (LED's)  - 

5.2.6. 7.1  General  -  In  general,  the  standard  for  LCD's  will  be  the 
same  as  the  requirements  for  Transil luminated  Displays,  paragraph  5.2.2 
of  this  standard,  unless  specified  below. 

5. 2. 6. 7. 2  Application  -  LED's  may  be  used  for  transilluminated  displays, 
including  legend  and  simple  indicator  lights,  and  for  matrix  (alpha¬ 
numeric)  displays.  Red  LED’s  may  be  used  in  transilluminated  displays 

in  crew  stations  exposed  to  ambient  illumination  of  direct  sunlight, 
but  LEO’s  used  in  alpha-numeric  displays  and  green  and  yellow  LED's  may 
not  be  used  without  approval  of  the  procuring  activity. 

5. 2. 6. 7. 3  Intensity  Control  -  The  dimming  of  LED's-  should  be  compatible 
with  the  .dimning  of  incandescent  lamps. 
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5. 2. 6. 7. 4  Color  Coding  -  LED  color  coding  shall  conform  to  5.2.2.1.18, 
herein,  with  the  exception  of  red  alpha-numeric  displays;  however,  they 
should  not  be  located  in  the  proximity  of  red  lights  used  as  >utlined 
in  5.2.2.1.18. 


5. 2. 6. 7. 5  Lamp  Testing  -  LED  indicator  lights  with  100,000  hours  MTBF 
(mean  time  between  failure)  shall  not  require  the  lamp  test  capability 
specified  in  5.2-2.1.14. 
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5.2.6  Other  Displays 

5 . 2 . 6 . 1  General 

5. 2.6. 1.1  Applications  -  Where  applicable,  other  display  concepts 
devices  and/or  techniques  should  be  considered  including  the 
following: 

a.  Digit  light  arrays  to  monitor  “count-down"  operations. 

b.  Drum-type,  mechanical  counters  '0  display  discrete 
numerical  values,  but  non-trend  information. 

c.  Character  readout  devices  (e.g.,  stacked  edge-lit, 
back-projected,  gas-discharge  tube,  CRT,  plasma,  LCD, 

LED,  etc.)  chat  present  alternate  characters  (numerals, 
letters,  or  numerals  and  letters)  within  the  same  view¬ 
ing  envelope,  may  be  used  in  conjunction  with,  or  in 
lieu  of  (aj  or  (b)  above. 

d.  Mechanical  flags  incorporated  within  an  instrument  to 
indicate  that  the  instrument  is  in  a  Go  vs  No-Go  condi¬ 
tion. 
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This  seemed  the  best  way  to 
introduce  the  "other  displays" 
i.e,,  to  not  only  identify,  but 
delineate  application  guidelines 
for  each. 


e.  Plotters  and  recorders  to  provide  visual  record  of 
continuous  graphic  data. 

f.  Printers  for  producing  hard  copy  records  from  manual 
or  computer  inputs. 

g.  Optical  projection  systems  to  present  static  and/or 
dynamic  information  for  large  screen,  group  viewing, 
projection  of  guidance  information  on  a  vehicle  wind¬ 
screen  (e.g.,  head-up  display),  and  for  display  of 
composite  situation  information  (e.g.,  PPI  display). 

5. 2.6. 1.2  Visibility  and  Legibility  -  Basic  visibility  and 
legibility  requirements  tor  other  displays  described  herein 
shall  also  appLy  to  the  above  special  displays.  Also  see  require¬ 
ments  on  display  illumination,  paragraph  5.2.1. I. 


f 
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5 .2.6.2  Special  Requirements 

5 . 2 . 6 . 2 . 1  Digit  Light  Arrays 


5. 2. 6. 2. 1.1_ Arrangement  -  Digit  light  arrays  used  for  other  than 
countdown  purposes  shall  be  arranged  in  normal  single  line  format 
with  increasing  numbers  from  left  to  right  or  from  top  to  bottom. 
The  sequence  for  countdown  operation  shall  be  reversed:  i.e., 
decreasing  numbers  from  left  to  right  c  from  top  to  bottom.  (See 
figure _ . ) 


5. 2-6. 2. 1.2  Spacing  -  Lights  shall  be  spaced  as  follows: 


Professional  judgment 


a.  Minimum  =  One  half  the  diameter  of  the  indicator  light. 


b.  Maximum  =  Equal  to  the  diameter  of  the  indicator  light. 

5. 2. 6. 2. 1.3  Color  and  Contrast  -  Black  number  on  a  white  back¬ 
ground  shall  Fe  used  (unless  specific  approval  for  a  reversed 
contrast  or  colors  is  given  by  the  procuring  agency).  Adjacent 
panel  surface  sb  11  appear  darker  than  the  lighted-  indicator 
(e.g.,  a  minimum  contrast  of  50  percent),  and  the  surface  shall 
have  a  dull  or  matte  finish. 

5. 2. 6. 2. 2  Drum-Type,  Mechanical  Counters  -  Mechanical,  drum- 

type  counters  shall  conform  to  criteria  in  Figure  _  . 

5 . 2 . 6 . 2 . 3  Character-Generating  Devices 

5. 2. 6. 2. 3.1  Application  -  In  making  a,  selection  from  among  the 
several  types  of  readout  devices,  consideration  shall  be  given 
to  the  limitations  of  each  device  in  terms  of  available  brightness 
colors,  and  reading  speed  and  accuracy  (i.e.,  the  character 
legibility  of  some  indicators  is  better  than  others,.  The  follow- 
in;;  thou  Id  be  used  as  a  guide: 

a.  Devices  that  produce  continuous-line  characters  provide 
the  opportunity  to  maximize  key  legibility  parameters, 
i.e.,  neight-to-widtb  ratio,  stroke  width,  luminance 
contrast  and  color. 
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Note:  Luminance  levels  and  con¬ 
trast  shall  conform  to 
crite.ia  for  transillumiuated 
dtspl ays . 
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Digit  Light  Counter  Arrays 
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a.  Counter  drums  shall  be  nuiaoered 
so  that  a  clockwise  rotation  of 
drums  and/or  re-set  control  pro¬ 
duce  increasing  numerical  values. 

Numerals  should  "snap"  into  posi¬ 
tion  so  that  the  entire  numeral 
appears  within  the  viewing  window. 

Number  height;  width  proportions 
should  be  within  the  range  of 
5:3  to  1:1,  (1:1  is  the  preferred 
ratio)  except  for  numb'  r  1 1’.  . 

b-  Spacing  between  adjacent  numerals 
sha  11  not  exceed  Lth  width  of 
wide  numerals;  width  of  narrow 
numerals  when  several  numbers  are 
to  be  read  as  a  total  value. 

c.  Counter  drums  shall  be  mounted  as 
close  to  the  front  panel  surface 
as  practical  and  the  edges  of  the 
viewing  window  should  bo  beveled  to 
provide  at  least  45°  off— angle  view 
of  the  display. 

d.  When  numbers  on  right  drums  need 
not  be  read  accurately,  these 
may  move  in  a  continuous  motion  - 
in  which  case  at  least  two  of  the 
numbers  shall  be  visible. 

e.  Decimal  points  may  be  inserted 
within  the  viewing  window  or 
placed  on  the  panel  when  the  posi¬ 
tion  remains  constant.  Commas 
should  not  be  used  unless  more  than 
four  numbers  appear  in  the  window. 

f.  Lf  left  hand  numbers  are  seldom 
used,  provide  a  blanking  system 
rather  than  present  several  pre¬ 
ceding  zeros  (i.e.,  the  blanking 
device  only  exposes  left  hand  drums 
when  numerical  value  is  displayed. 
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Drum-Type  Counter  Design 


b. 
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Devices  that  produce  characters  by  means  of  dot  or  line 
segment  patterns  are  limited  in  terms  of  the  above  legi¬ 
bility  parameters,  dot  patterns  being  the  more  readable 
(see  Figure _ 


rationale/references 


c.  Depending  on  the  state-of-the-art  for  a  given  device, 
some  devices  may  be  too  large  or  too  small  for  the 
particular  application,  e.g.,  panel  space  limits  or 
viewing  distance  limits. 


5. 2. 6. 2. 3. 2  Alphanumeric  Character  Format  -  The  format  of  alpha¬ 
numeric  characters  shall  be  based  on  the  characteristics  of 
standard  Gothic  capital  letters  and  numerals  and  shall  contain  at 
least  the  number  of  resolution  elements  shown  in  Figure 
Characters  and  symbols  should  appear  upright  or  sloping  slightly 
to  the  right  (a  positive  slope,  to  the  right,  of  up  to  11°  may 
be  used).  Legibility/readability  of  unusual  formats  shall  be 
equivalent  to  that  of  standard  Gothic  capital  letters  and  numerals 


5. 2. 6. 2. 3. 3  Contrast  Direction  -  Character  generation  techniques 
should  be  chosen  to  best  Fit  the  operating  environment: 

a .  Light  symbols  on  a  dark  background  when  work  area 
illumination  is  low  (i.e.,  less  than  about  1  f-L) . 

b.  Either  light  or  dark  background  for  intermediate 
illumination  levels. 

c.  Dark  on  light  background  is  preferred  when  ambient 
light  conditions  are  high  (i.e.,  more  than  about 
100  f+L) . 

5. 2.6.2. 3. 4  Indicator  Spacing  -  When  several  indicators  are  used 
side  by  side  to  provide  a  multi-digit  number,  the  actual  spacing 
between  characters  shall  conform  to  the  requirements  stated  above 
for  drum-type  counters. 

5.21.6.2.3.5  Glare  -  Devices  which  are  subject  to  glare  problems 
(e.g.,  stacked  euge-llt,  gas-discharge  tubes)  shall  be  designed 
to  minimise  incersurface  reflections,  halo  effects  around  glow 
wires  or  engravings,  "hot  spots"  from  lamp  sources,  etc.  When 
the  particular  display  may  be  affected  by  external  (ambient)  light 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipment 
besigners,  1966,  p.  2-34. 
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5x7  dot  matrix  may  bo  usod 
for  both  letters  and  numerals, 
as  well  as  other  symbols.  A 
7  x  9  is  preferred’ when  accuracy 
is  of  particular  importance  for 
alphanumeric  daca  sets. 


7-segment  bar-type  matrix  is 
acceptable  for  numerals,  but 
cannot  provide  a  full  alpha¬ 
bet  of  letters. 


Italic  or  sloping  matrix  is 
acceptable  as  long  as  the 
slope  does  not  exceed  11°. 


Minimal  Requirements  for  Dot  and 
Segmented  Matrix  Characters 
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ref lections,  filters  and/or  anti-reflection  coatings  shall  be 
provided. 

5. 2. 6. 2. 3. 6  Lamp  Replacement  -  Devices  which  depend  upon  incandes¬ 
cent  lamp  sources  shall  be  packaged  for  ease  of  lamp  replacement. 

5. 2. 6. 2. 3. 7  Intensity  Control  -  Digital  readout  devices  that  may 
be  used  under  dim-out  or  black-out  operating  conditions  shall  be 
selected  on  the  basis  that  operator-controlled  dimming  shall 

be  provided. 

5. 2. 6. 2. A  Mechanical  Flags 

5-2. 6. 2. 4.1  Application  -[Use  original  material  from  5.2.6.5.lJ 

5. 2. 6. 2. 4. 2  Mounting  -  Where  practical,  flags  should  be  mounted 
inside  the  instrument  cover  glass,  as  close  to  the  display  surface 
as  practical  without  restricting  flag  movement.  The  flag  in  its 
stowed  position  shall  not  obscure  necessary  information  on  the 
primary  display.  However,  (where  practicable)  the  flag,  when  in 
the  No-Co  position,  should  extend  into  the  display  area  (and 
preferrably  obscure  some  displayed  element)  far  enough  to  insure 
that  the  operator  will  take  note  of  the  condition  indicated  by 
the  flag  (e.g.,  display  or  instrument  inoperative). 

5. 2. 6. 2. 4. 3  Snap  Action  -  ftlse  original  material  from  5. 2. 6. 5. 3.] 

3.2. 6. 2. 4. 4  Contrast  -[use  original  material  from  5.2.6.5.4.J 

5. 2. 6. 2. 4. 5  Legend  -  When  a  legend  is  provided  oh  the  flag, 
lettering  shall  appear  upright  when  the  flag  assumes  the  active 
or  No -Go  position. 

5. 2. 6. 2. 4. 6  Test  Provision  -[Use  original  material  from  5. 2. 6. 5. 6  ] 
5-2. 5. 2. 5  Plotters  and  Recorders 

5. 2. 6. 2. 5.1  Visibility  -  Critical  graphics  (those  points,  curves 
grids,  etc.  that  need  to  be  observed  during  the  time  that  the  re¬ 
cording  is  being  made)  shall  not  be  obscured  by  pen  assembly,  arm 
or  other  hardware  elements. 
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5.2.6. 2.5.2  Contrast  -  [Use  original  material  in  5. 2. 6. 4. 3.] 

[Add!]  (Flags  used  to  display  system  faults  should  be  Flouresceht 
L  J  Orange,  FED-STD-595a  #28915.) 

5. 2. 6. 2. 5. 3  Take-up  Device  -  Use  original  material  in  5. 2. 6. 4. 4. 

5. 2. 6. 2. 5. 4  Job  Aids  -  Graphic  overlays  should  be  provided  where 
these  may  be  critical  to  proper  interpretation  of  graphic  data  as 
it  is  being  generated.  Such  aids  shall  not  obscure  or  distort 
the  data. 

5. 2. 6. 2. 5. 5  Annotation  -  Where  applicable,  plotters  should  be 
designed  and/br  mounted  so  that  the  operator  can  manually  write  on 
or  mark  on  the  plotting  paper  while  it  is  still  in  the  plotter. 

5. 2. 6. 2. 5. 6  Control,  Replenishment  and  Service  -  Plotters  and 
recorders  shall  be  designed  to  conform  to  criteria  herein,  with 
regard  to  the  following: 

a.  Control-displays  used  to  start,  stop  of  adjust  the  machini 
and  critical  operating  elements. 

b.  Insertion,  adjustment  for  operation,  and  remova1  of  paper 
replenishment  of  ink  supply,  replacement  of  pen  or  other 
items  determined  to  be  operator  tasks. 

c.  MinOi.  servicing  on  site  by  a  technician,  i.e.,  adjustment 
of  drive  system,  cleaning,  or  replacement  of  operating 
items  that  ordinarily  would  not  be  available  to  an 
operator . 

5. 2. 6. 2. 6  Printers  -  Criteria  in  5. 2. 6. 2. 5  (Plotters  and 
Recorders)  shall  apply  to  printers  as  applicable,  In  addition, 
the  following  shall  be  considered. 

a.  The  printer  shall  be  free  from  character  line  misregis^ 
tration,  character  tilt  or  smear. 

b.  The  printer  shall  not  be  excessively  noisy  if  it  will  be  J 
located  in  an  area  normally  occupied  by  personnel  for 
more  than  a  few  minutes,  or  where  critical  direct  or 
telephone  conversations  are  required  (see  5.8.3). 


rationale/references 

Professional  judgment. 
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5.2. 6. 6  Optical  Projection  Displays 

5. 2. 6. 6.1  through  5. 2. 6. 6. 4. 4  -  [Use  original  materials  as 
written — add  the  following:] 

5. 2. 6. 6. 4. 5  Keystone  Effects  -  Projector-Screen  arrangement  shall 
be  considered  to  minimize  "keystone  effects",  e.§.,  distortion 
of  projected  data  proportions  due  to  non-perpendicularity  between 
projector  and  screen. 
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TABLE  IV.  GROUP  VIEWING  OF  OPTICAL  PROJECTION  DISPLAYS 


FACTOR 

OPTIMUM 

PREFERRED 

LIMITS 

ACCEPTABLE 

LIMI1S 

viewing  distance 

Ratio  of - - - 

screen  diagonal 

4 

3-6 

2-8 

Angle  off  centerline 

0° 

20° 

30° 

•Image  luminance  (no  film  in 
operating  projector) 

10  ft-L 
(34  cd/m2) 

8-14  ft-L 
(27-48  cd/m2) 

5-20  ft-L 
(17-69  cd/m2) 

Luminance  variation  across  screen 
(ratio  of  maximum  to  minimum 
luminance) 

1 

1.5 

3.0 

Luminance  variation  as  a  function 
of  viewing  location  (ratio  of  maximum 
to  minimum  luminance) 

1 

2.0 

4.0 

ambient  light 

Ratio  of - - 

brightest  part  of  image 

0 

_ _ 

0.002-0.01 

0.1  max” 

•For  still  projections  higher  values  rriay  be  used 

••For  presentations  not  involving  gray  scale  or  coior  (e.g.,  line  drawings,  tables)  0.2  may  be  used. 
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b. 3  AUDIO  DISPLAYS  - 

5.3.1  General  - 

5.3. 1.1  Application  -  Audio  displays  should  be  provided  under  the 
fol 1 owi ng"cond i t i ons : 

a.  The  information  that  is  to  be  processed  is  short,  simple, 
and  transitory  requiring  immediate  or  time-based  response. 

b.  The  common  mode  of  visual  display  <s  restricted  by  over¬ 
burdening;  ambient  light  variability  or  limitation;  operator  mobility; 
degradation  of  vision  by  reason  of  vibration,  high  g-forces,  hypoxia, 
other  environmental  considerations;  or  anticipated  operator  inattention. 

c.  The  criticality  of  transmission  response  makes  supplementary 
or  redundant  transmission  desirable. 

d.  It  is  desirable  to  warn,  alert,  or  cue  the  operator  to  sub¬ 
sequent  additional  response. 

c*.  Custom  or  usage  has  created  anticipation  of  an  audio  display, 
f.  Voice  communication  is  necessary  or  desirable. 

5.3. 1.2  Signal  Type  -  Each  situation  requiring  an  audio  presentation 
shall  be  careful ly  evaluated  to  determine  the  optimum  type  of  signal 
for  that  presentation,  taking  into  consideration  the  criteria  for 
different  types  of  audio  signals  presented  in  Table  V. 

5. 3. 1.3  False  Alarms  -  The  design  of  audio  display  devices  and  circuits 
shall  preclude  false  alarms. 

5. 3. 1.4  Failure  -  The  audio  display  device  and  circuit  shall  be  designed 
to  preclude  warning  signal  failure  in  the  event  of  system  dr  equipment 
failure  and  vice  versa. 


1.  Because  of  the  extensive  re¬ 
organisation  and  new  content 
needed  in  this  section  the 
original  is  included  in  its 
enfi rety . 

2.  One  of  the  serious  defects  with 
the  original  crganizat  ion  is  that 
material  on  warning  is  scatteresi 
in  various  places  in  the  section. 


i 


5.3.1 .5  Circuit  Test  -  AM  audio  displays  shall  be  equipped  with  cir¬ 
cuitry  test  devices  or  other  means  of  operability  test. 


5.3. 1.6  Aircrew  Stations  -  Audio  signals  for  air  crew  stations  shall 
conform  to  MIL-STQ-4.il,  where  applicable. 
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TABLE  V.  FUNCTIONAL  EVALUATION  OF  AUDIO  SIGNALS 


MFI  COMMENTS 


MF I  COMMENTS 


original  requirement 


5. 3. .1.7  Special  Applications  -  Audio  displays  such  as  sonar  and  elec¬ 
tronic  countermeasures  shall  be  made  compatible  with  the  criteria  stated 
herein.  If  system  design  precludes  following  such  criteria,  require¬ 
ments  for  deviations  shall  be  based  upon  the  specific  application. 

5.3. 1.8  Use  with  Several  Visual  Displays  -  One  audio  signal  may  be  used 
in  conjunction  with  several  visual  displays,  provided  that  immediate 
discrimination  is  not  critical  to  personnel  safety  or  system  performance. 

5.3.2  Audio  Warnings  - 

5.3. 2.1  Warning  Signals  -  Audio  signals  should  be  provided  as  necessary 
to  warn  personnel  of  impending  danger,  to  alert  an  operator  to  a  critical 
change  in  system  or  equipment  status,  and  to  remind  the  operator  of  a 
critical  action  or  actions  that  must  be  taken.  NOTE:  Certain  audio 
signals  have  been  standardized  for  aircraft  use  by  joint  service  and 
international  agreement.  Stipulation  of  audio  signals  for  future  air¬ 
craft  design  should  be  in  consonance  with  these  agreements  {see 

MIL- STD-411)-. 

5. 3. 2. 2  Nature  of  Signals  -  Audio  warning  signals  should  normally  con¬ 
sist  of  two  elements:  an  alerting  signal  and  an  identifying  or  action 
signal . 

5.3. 2. 2.1  Two  element  Signal  When  reaction  time  is  critical  and  a  two 
element  signal  is  necessary,  an  alerting  signal  of  6.5  second  duration 
shall  be  provided.  All  essential  information  shall  be  transmitted  in 
the  first  2.0  seconds  of  the  identifying  or  action  signals. 

5. 3. 2. 2. 2  Single  element  Signal  -  When  reaction  time  is  critical,  sig¬ 
nals  shall  be  of  short  duration,  if  a  single  element  signal  ’is  permissi¬ 
ble,  ai-1  essential  information  shall  be  transmitted  in  the  first  0.5 
second. 

5. 3. 2. 3  Caution  Signals  -  Caution  signals  shall  be  readily  distinguish¬ 
able  from  warning  signal's  and  shall  be  used  to  indicate  conditions  req¬ 
uiring  awareness  but  not  necessarily  immediate  action. 

5. 3. 2. 4  Relation  to  Visual  Displays  -  When  used  in  conjunction  with 
visual  displays,  audio  warning  devices  shall  be  supplementary  or 
supportive  in'hature.  The  audio  signal  shall  be  used  to  alert  and 
direct  operator  attention  to  the  appropriate  visual  display. 
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5.3.3  Characteristics  of  Audio  Warning  Signals  - 

5.3.3. 1  Frequency  - 

5. 3.3. 1.1  Range  -  The  frequency  range  shall  he  between  200  and  5,000  Hz 
and,  if  possible,  between  500  aid  3,000  Hz.  When  signals  must 

over  1,000  ft  (305  m),  sounds  vrth  frequencies  below  1,000  Hz  should  be 

used.  Frequencies  below  500  Hz  should  be  used  when  signals  must  bend 
around  obstacles  or  pass  through  partitions.  The  selected  frequency 
band  shall  differ  from  those  most  intense  background  frequencies  and 
shall  be  in  "accordance  with  other  criteria  in  this  section. 

5. 3. 3. 1.2  Spurious  Signals  -  The  frequency  of  a  warning  tone  shall  be 
different  from  that  of  the  electric  power  employed  in  the  system,  to 
preclude  the  possibility  that  a  minor  equipment  failure  may  generate  a 
spurious  signal. 

5.3.3  2  Intensity  - 

5. 3. 3. 2.1  Compatibility  With  Acoustical  Environment  -  The  intensity, 
duration  and  source  location  of  audioTlarms  and  signals  shall  oe 
selected  so  as  to  be  compatible  with  the  acoustical  environment  of  the 
intended  receiver  as  well  as  the  requirements  of  other  personnel  in  the 
signal  areas. 

5.3. 3. 2. 2  Discomfort  -  Audio  warning  signals  should  not  be  of  such 
intensity  as  to  cause  discomfort  or  "ringing"  in  the  ears  as  an  after¬ 
effect. 

5.3.4  Signal  Characteristics  in  Relation  to  Operational  Conditions 
and  Objectives  - 

5.3.4. 1  Audibil ity  -  A  signal-to-noise  ratio  of  at  least  20  dB  shall  be 
provided  in  at  laast  one  octave  band  between  200  and  5,000  Hz  at  the 
operating  position  of  the  intended  receiver. 
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5. 3. 4. 2  Alerting  Capability  - 

5. 3. 4. 2.1  Attention  -  Signals  with  high  alerting  capacity  should  be 
provided  when  the  system  or  equipment  inposes  a  requirement  on  the 
operator  for  concentration  of  attention.  Such  signals  shall  not,  how¬ 
ever,  be  so  startling  as  to  preclude  appropriate  responses  or  interfere 
with  other  functions  by  insistently  holding  attention  away  from  other 
critical  signals. 

5. 3. 4. 2. 2  Onset  and  Sound  Pressure  Level  -  The  onset  of  critical  alert¬ 
ing  signals  should  be  sudden,  and  a  relatively  high  sound  pressure  level 
should  be  provided  as  specified  in  5, 3. 4.1. 

5.3. 4. 2.3  Dichotlc  Presentation  -  When  earphones  will  be  worn  in  the 
operational  situation,  i  dichotic  presentation  should  be  used  whenever 
feasible,  alternating  the  signal  from  one  ear  to  the  other  by  means  of 
a  dual-channel  headset. 

5. 3. 4. 2. 4  Headset  -  When  the  operator  is  wearing  earphones  covering 
both  ears  during  normal  equipment  operation,  the  audio  warning  signal 
shall  be  directed  to  the  operator's  headset  as  well  as  to  the  work  area. 

5. 3. 4. 3  Discriminability  - 

5. 3,4 .3.'!  Use  of  Different  Characteristics  -  When  several  different 
audio  signals'  are  To  be  usc":i  to  a  lert  an  operator  to  different  types 
of  conditions,  discriminab.s  difference  in  intensity,  pitch,  or  use  of 
beats  and  harmonics  shall  be  provided.  If  absolute  discrimination  is 
required,  the  number  of  signals  to  be  identified  shall  not  exceed  four. 

5. 3. 4. 3. 2  Coding  -  Where  discrimination  of  warning  signals  will  be 
critical  to  personnel  safety  or  system  performance,  audio  signals  shall 
be  appropriately  coded.  Alarms  that  are  perceptibly  different  shall  be 
selected  to  correspond  with  different  conditions  requiring  critically 
different  operator  responses  (e.g.,  maintenance,  emergency  conditions, 
and  health  hazards).  Such  signals  shall  be  sufficiently  different  to 
minimize  the  operator’s  search  of  visual  displays. 

5. 3.4. 3. 3  Critical  Signals  -  The  first  0.5  second  cf  a  fast  reaction 
audio  signal  shall"  be  discriminable  from  the  first  0,5  second  of  any 
other  signal  that  may  occur.  Familiar  signals  with  established  names 
or  associations  shall  be  selected.  Speech  should  be  used  whenever 
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5. 3.4. 3.4'  Action  Segment  -  The  identifying  or  action  segment  of  an 
aud i o  wa rn i n g  s i gna 1  sha  1 1  specify  precisely  the  emergency  or  any  other 
conditions  requiring  actions. 

5. 3.4.3. 5  Differentiation  From  Routine  Signals  -  Audio  alarms  intended 
to  bring  the  operator's  attention  to  a  malfunction  or  failure  shall  be 
differentiated  from  routine  signals  such  as  bells,  buzzers,  and  normal 
operation  noises. 

5. 3. 4.3. 6  Prohibited  Types  of  Signals  r  The  following  types  of  signals 
shall  not  be  used  as  warning  devices  where  possible  confusion  might 
exist  because  of  the  operational  environment: 

a.  Modulated  or  interrupted  tones  that  resemble  navigation 
signals  or  coded  radio  transmissions. 

b.  Steady  signals  that  resemble  hisses,  static,  or  sporadic 
radio  signals. 

c.  Trains  of  impulses  that  resemble  electrical  interference 
whether  regularly  or  irregularly  spaced  in  time. 

d.  Simple  warbles  which  may  be  confused  with  the  type  made  by 
two  carriers  when  one  is  being  shifted  in  frequency  (beatr frequency- 
oscillator  effect?) . 

e.  Scrambled  speech  effects  that  may  be  confused  with  cross 
modulation  signals  from  adjacent  channels. 

f.  Signals  that  resemble  random  noise,  periodic  pulses,  steady 
or  frequency  modulated  simple  tones,  or  any  other  siohals  generated 
by  standard  countermeasure  devices  (e.g.,  "bagpipes") . 

g.  Signals  similar  to  random  noise  generated  by  air  conditioning 
or  any  other  equipment. 

h.  Signals  that  resemble  sounds  likely  to  occur  accidently 
under  operational  conditions. 
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5. 3.4.4  Compatibility  - 

5. 3. 4. 4.1  Existing  Signals  -  The  meaning  of  audio  warning  signals 
selected  for  a  system  shall  be  consistent  with  warning  signal  meanings 
already  established  for  that  function. 

5. 3. 4. 4. 2  Acoustic  Environment  -  Established  signals  shall  be  used, 
provided  thejT'are compatible  with  the  acoustic  environment  and  the 
requirements  specified  herein  for  the  voice  communication  system. 

Standard  signals  shall  not  be  used  to  convey  new  meanings. 

i 

5. 3. 4. 5  Masking  - 

5. 3. 4. 5.1  other  Critical  Channels  -  Audio  warning  signals  shall  not 
interfere  with  any  other  critical  functions  or  warning  signals,  or 
mask  any  other  critical  audio  signals. 

5. 3.4. 5.2  Separate  Channels  -  Where  3  warning  signal  delivered  tc  a 
headset  might  mask  another  essential  audio  signal,  separate  channels 
may  be  provided  to  direct  the  warning  signal  to  one  ear  and  the  other 
essential  audio  signal  to  the  other  ear.  In  such  a  situation  and 
when  required  by  operating  conditions,  this  dichotic  presentation  may 
further  provide  for  alternation  of  the  two  signals  from  ear  to  ear. 

i 

5.3.5  Verbal  Warning  Signals  - 

5. 3. 5.1  Nature  of  Signals  -  Verbal  warning  signals  shall  consist  of: 

a.  An  initial  alerting  signal  (nonspeech)  to  attract  attention 
and  to  designate  the  general  problem. 

b.  A  brief  standardized  speech  signal  (verbal  message)  which 
Identifies  the  specific  condition  and  suggests  appropriate  action. 

5. 3 . 5. 2  Intensity  -  Verbal  alarms  for  critical  functions  shall  be  at 
least  20  dB  above  the  speech  interference  level  at  the  operating  position 
of  the  intended  receiver. 

5. 3. 5. 3  Vocal  Criteria  - 

5. 3. 5. 3.1  Type  of  Voice  -  The  voice  used  in  recording  verbal  warning  ( 

signals  shall  be  distinctive  and  mature.  j 
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5. 3. 5. 3. 2  Delivery  Style  -  Verbal  warning  signals  shall  be  presented 
in  a  formal,  impersonal  and  calm  manner. 

5. 3. 5. 4  Speech  Processing  -  Verbal  warning  signals  shall  be  processed 
only  when  necessary  to  increase  or  preserve  intelligibility,  such  as  by 
increasing  the  strength  of  consonant  sounds  relative  to  vowel  strength. 
Where  a  sional  must  be  relatively  intense  because  of  high  ambient  noise, 
"peak-clipping"  may  be  used  to  protect  the  listener  against  auditory 
overload. 

5. 3. 5. 5  Message  Content  -  In  selecting  words  to  be  used  in  audio  warning 
signals,  priority  shall  be  given  to  intelligibility,  aptness,  and  con¬ 
ciseness  in  that  order. 

5. 3.5.6  Message  Categories  - 

5. 3. 5. 6.1  Critical  Warning  Signals  -  Critical  warning  signals  shall  be 
repeated  with  not  more  than  a  3-second  pause  between  messages  until  the 
condition  is  corrected  or  overridden  by  the  crew. 

5. 3. 5.6. 2  Message  Priorities  -  A  message  priority  system  shall  be 
established  and  more  CriticaT  messages  shall  override  the  presentation 
of  any  message  occurring  below  it  on  the  priority  list.  In  case  two  or 
more  incidents  or  mal functions  occur  simultaneously,  the  massage  having, 
the  higher  priority  shall  be  given  first.  The  remaining  messages  shall 
follow  in  order  of  priority.  In  the  event  of  a  complete  subsystem  fail¬ 
ure,  the  system  shall  integrate  previous  messages  via  electronic  gating 
and  report  the  system  rather  than  the  component  failure. 

3. 3. 5. 6. 3  Mode-Blocking  -  The  verbal  warning  system  shall  be  mode- 
blocked  in  such  a  manner  that  meaningless  messages  for  the  environ¬ 
mental  conditions  existing  at  that  time  will  not  be  presented. 

5.3.6  Controls  for  Audio  Warning  Devices  - 

5. 3.6.1  Automatic  or  Manual  Shut-off  -  When  an  audio  signal  is  designed 
to  persist  asHfong  as  it  contributes  useful  information,  a  shut-off 
switch  which  is  controllable  by  the  operator,  the  sensing  mechanism,  or 
both,  shall  be  pro/ided,  depending  on  careful  consideration  of  the 
operational  situation  and  personnel  safety  foctors. 
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5. 3. 5. 2  Automatic  Reset  -  Whether  audio  warning  signals  are  designed 

to  be  terminated  automatically,  by  manual  control,  or  both,  an  automatic 
reset  function  shall  be  provided.  The  automatic  reset  function  shall  be 
controlled  by  the  sensing  mechanism  which  shall  recycle  the  signal  system 
to  a  specified  condition  as  a  function  of  time  or  the  state  of  the  signal 
ing  system. 

5. 3. 6. 3  Volume  Control  - 


5. 3.6.3. 1  Automatic  or  Manuai  -  The  volume  (loudness)  of  an  audio  warn¬ 
ing  signal  shall  be  designed  to  be  controlled  by  the  operator,  the  sens¬ 
ing  mechanism,  or  both,  depending  on  careful  consideration  of  the 
operational  situation  and  personnel  safety  factors.  Control  movements 
shall  be  restricted  to  prevent  reducing  the  volume  to  an  inaudible  level 

5. 3. 6. 3. 2  Ganging  to  Mode  Switches  -  Volume  controls  may  be  ganged  to 
mode  switches  to  provide  maximum  output  during  mission  phases  in  which 
intense  noise  may  occur  and  to  provide  reduced  volume  at  other  times. 
Ganging  shall  not  be  accomplished  if  there  is  a  possibility  that  intense 
noise  may  occur  in  an  emergency  situation  during  a  mission  phase  in  which 
the  volume  would  be  decreased  below  an  audible  level. 

5. 3. 6. 3. 3  Caution  Signal  Controls  -  Audio  caution  signals  shell  be  pro¬ 
vided  with  the  manual  reset  and  volume  controls. 

5. 3.6. 4  Duration  -  Audio  warning  signal  duration  shall  be  at  least  0.5 
second,  and  may  continue  until  the  appropriate  response  is  made.  Com¬ 
pletion  of  a  corrective  action  by  the  operator  or  by  other  means  shall 
automatically  terminate  the  signal. 

5. 3.6.5  Duration  1  imitations  -  In  an  emergency  situation,  sitpals  that 
persist  or  increase  progressively  i n  level  shall  not  be  used  if  manual 
shut-off  may  interfere  with  the  corrective  action  required. 

5.3.7  Voice  Communication  System  - 

5.3.7. 1  Telephone  or  Radio  Comnuni cations  -  Design  of  military  inte¬ 
grated  telephone  "or  radio  communication  systems,  either  of  a  switched 
or  point-to-point  nature,  shall  be  in  accordance  with  the  applicable 
requirements  of  KH  -ST0  1R8. 
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S.j.7 .2  Speech  Transmission  Equipment  - 

5.3. 7.2.1  Frequency  -  Microphones  and  associated  system- input  devices 
shall  be  designed  to  respond  optimally  to  that  part  of  the  speech 
spectrum  most  essential  to  intelligibility  (i.e.,  200  to  6,100  Hz). 
Where  system  engineering  necessitates  speech-transmission  bandwidths 
narrower  thar,  2G0  to  6,100  h'z,  the  minimum  acceptable  frequency  range 
should  be  the  250  to  4,000  Hz. 


5. 3. 7. 2. Z  Dynamic  Range  -  The  dynamic  range  of  a  microphone  used  with 
a  selected  amplifier  shall  be  great  enough  to  admit  variations  in  sig¬ 
nal  input  of  at  least  50  dB. 


5. 3. 7. 2. 3  Noise  Cancelling  Microphones  -  In  very  loud,  low  frequency 
noise  en v i ronmen t  (100  4 Z-  overall),  noise-cancelling  microphones  shall 
be  used  and  shall  be  capable  of  effecting  an  improvement  cf  not  less 
than  10  dB  peak-speech  to  root-mean- square- noise  ratio  as  compared  with 
non-noise-car, cel iing  microphones  of  equivalent  transmission  character¬ 
istics. 

5.3.7. 2.4  Pre-emphasis  -  If  necessary,  speech  system  input  devices 
should  employ  frequency  pre-emphasis  with  a  positive  slope  frequency 
characteristic  no  greater  than  18  d3  per  octave  from  140  to  1,500  Hz 
and  no  greater  than  9  dB  per  octave  over  the  frequency  range  1,500  to 
4,800  Hz,  when  no  clipping  is  used. 

5. 3. 7. 2. 5  Peak-clipping  of  Speech  Signals  -  Where  speech  signals  are 
to  be  transmitted  over  channels  showing Tess  than  15  dB  peak-speech  co 
root-mean- square-noise  ratios,  peak-clipping  of  12  to  20  dB  may  be 
employed  at  system  input  and  ray  be  preceded  by  frequency  pre-emphasis 
as  specified  in  5. 3. 7, 2. 4. 

5. 3. 7. 2. 6  Noise  Shields  -  When  the  talker  is  in  an  intense  noise  field, 
the  mi c rophone ' shouT 3TEe  put  in  a  noise  shield.  Noise  shields  should  be 
designed  to  meet  the  following  requirements: 

a.  \  volume  of  at  least  15.25  cu.in.  (250  cu.  cm)  to  permit  a 
pressure  gradient  microphone  to  function  normally. 

b.  A  good  seal  against  the  face  with  the  pressure  of  the  hand 
or  the  tension  of  streps. 


C-  A  hole  or  coronation  of  holes  covering  a  total  area  of  0.1 
sq.  in.  (&  sq.  mm)  in  the-  shield  to  prevent  pressure  buildup! 

d.  Prevention  of  a  standing  wave  pattern  Ly  shape,  or  by  use  of 
sound  absorbing  material. 

e.  .'io  impediment  to  voice  effort,  mouth  or  jaw  movement  or  breath 

ing. 

5*3-8  Speech  Reception  Equipment  - 

5.3.8. 1  Range  -  Headphones  ana  louc'sceakers  shall  be  subject  to  the 
same  frequency  response  restrictions  as  microphones  and  transmission 
equipment  except  tfu.1.  loudspeakers  for  use  ir.  multi-speaker  installa¬ 
tions  (e.g..,  where  severe*  speech  channels  ere  to  be  monitored  siaul- 
taneously)  shall  respond  uniformly  (±f*  da}  over  the  range  100  to  4,800 
Hz. 

5.3.8.Z  loudspeakers  fo»-  .'*»** t-ch>nnel  Monitoring  - 

5. 3- 3. 2.1  Monitor  I r.o  of  Speakers  When  sev.ral  channels  are  to  be 
monitored  sisvltanerusly  by  means  of  loudspeakers,  the  speakers  shall 
be  mounted  so  that  they  arc  not  less  than  10’  apart  radially  with  res¬ 
pect  to  a  central  operator  position,  -s  ">  a  console-configured  control 
or  cocsjynicatirn  center. 

5  3.8.2. 2  filtering  -  When  additional  channel  differentiation  is  re¬ 
quired.  apparent  lateral  separation  ^hall  be  enhanced  by  applying  low- 
pass  filtering  {frequency  cutoff,  Fc  *  1,£CC*  Hz)  to  signals  fed  to 
loudspeakers  on  one  side  of  the  central  operator  position.  If  there 
ere  three  channels  involved,  one  channel  shall  be  left  unfiltered,  a 
high  pass  filter  with  1 ,000  Hz  cutoff  shall  be  provided  in  the  second 
channel,  and  a  low-pass  filter  with  2,508  Hz  cutoff  shall  be  provided 
in  the  third  channel.  A  visit  ’  signal  shall  be  provided  to  show  which 
channel  is  in  use. 

5.3. 8.1  use  <nf  Oe- emphasis  -  VJhen  transmission  equipment  employs  pre- 
esvjhasis  and  peak-clipping  is  net  used,  »*c-reption  equipment  shall  employ 
frequency  de-e»ph>sfs  of  characteristics  complementary  to  those  of  pre¬ 
emphasis  enly  if  it  improves  intelligibility,  i.e.,  de-emphasis  shall 
be  a  negative-slope  frequency  response  not  greater  than  9  A 8  per  nctave 
over  the  frequency  range  143  to  4,800  Hz. 


ORiGINAL  REQUIREMENT 


5.3  8.4  Headsets  -  If  listeners  will  be  working  in  high  ambient  noise 
(85  dB( A)  or  above),  binaural  rather  than  monaural  headsets  shall  be 
provided.  Unless  operational  requirements  dictate  otherwise,  binaural 
headsets  shall  be  wired  so  that  the  sound  reaches  the  two  ears  in 
opposing  phases.  Their  attenuation  qualities  should  be  capable  of  reduc¬ 
ing  the  ambient  noise  level  to  less  than  85  dB(A).  Provisions  should 
be  incorporated  to  furnish  the  fame  protection  to  those  who  wear  glasses. 

5.3.9  Operator  Comfort  and  Convenience  - 

5. 3. 9.1  Comfort  -  Communication  equipment  to  be  worn  by  an  operator 
(e.g.,  headphones  and  telephone  headsets)  shall  be  designed  to  preclude 
operator  discomfort.  Metal  parts  of  the  headset  shall  not  come  in 
contact  with  the  user's  skin. 

5. 3. 9. 2  Hands-free  Operation  -  Operator  microphones,  headphones,  and 
telephone  headsets  shaTl  be  designed  to  permit  hands-free  operation 
under  normal  working  conditions. 

5. 3. 9. 3  Accessibility  of  Handsets  -  Where  communi cation  requirements 
necessitate  the  use  of  several  telephone  handsets,  the  accessibility  of 
their  standby  locations  shall  be  determined  by  operational  priority, 
i.e.,  the  most  frequently  or  urgently  needed  handset  shall  be  the  most 

accessible.  Color-coding  may  also  be  employed  where  operating  personnel 
will  have  visual  contact  with  handsets  under  the  working  conditions. 

5.3.10  Operating  Controls  for  Voice  Communication  Equipment  - 

5.3.10.1  Volume  Controls  -  Accessible  volume  or  gain  controls'  shall  be 
provided  for  each  communication  receiving  channel  (e.g.,  loudspeakers  ’ 
or  headphones)  with  sufficient  electrical  power  to  drive  sound,  pressure 
level  to  at  least  110  dB  overall  when  using  two  earphones,  and  shall 
have  pressure  operated  gain  control  switches  to  compensate  for  altitude 
in  unpressurized  compartments.  The  minimum  >‘tting  of  the  volume  control 
shall  be  limited  to  an  audible  level,  i.e.,  it  shall  not  be  possible 
to  inadvertently  disable  the  system  with  the  volume  control.  While 
separation  of  power  (on-off)  and  volume  control  adjustment  functions 
Into  separate  controls  is  preferred,  should  conditions  justify  their 
combination,  a  noticeable  detent  position  shall  be  provided  between 
the  OFT  position  and  the  lower  end  of  the  continuous  range  of  volume 
adjustment. 
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5.3.10.2  Squelch  Control  -  Where  communication  channels  are  to  be 
continuous  ly  mom  tored ,  each  channel  shall  be  provided  with  a 
signal-activated  switching  device  (squelch  control)  to  suppress 
channel  noise  during  no-signal  periods. 

5.3.10.3  Foot-operated  Controls  -  When  normal  working  conditions 
will  permit  the  operator  to  remain  seated  at  the  working  position 
an  access  to  "talk-listen"  or  "send-receive"  control  switches  is 
required  for  normal  operation  or  if  console  operation  requires  the 
use  of  both  hands,  foot-operated  controls  shall  be  provided-  Hand 
operated  controls  for  the  same  functions  shall  be  provided  for 
emergency  use  and  for  use  when  the  operator  may  need  to  move  from 
one  position  to  another. 

5.3.11  Speaker/Side  Tone  -  Circuits  shall  be  designed  so  that  the 
speaker's  verbal  output  is  in  phase  with  its  reproduction  as 
heard  on  Che  headset.  This  side  tone  should  not  be  filtered  or 
modified  before  it  is  received  in  the  headset. 

5.3.12  Speech  Intelligibility 

5. 3- 12. I  General  -  When  information  concerning  the  speech  intel¬ 
ligibility  of  a  system  is  required,  three  recommended  methods 
are  available,  with  the  appropriate  selection  being  dependent 
upon  the  requirements  ol  the  tost: 

a.  The  ANSI  standard  method  of  measurement  o);  phonetically 
balanced  (PB)  monosyllabic  word  intelligibility,  S3. 2-1960,  should 
be  used  when  a  high  degree  of  sensitivity  and  accuracy  is  re¬ 
quired. 


MET  COMMENTS 
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b.  The  modified  rhyme  test  (MRT)  (see  Human  Engineering  Guide 
to  Equipment  Design)  should  be  used  if  the  test  requirements  are  not 
as  stringent  or  if  time  and  training  do  not  permit  the  use  of  the  ANSI 
method. 


c.  The  articulation  index  (AI)  calculations  should  be  used  for 
estimations,  comparisons  and  predictions  of  system  intelligibility 
based  upon  ANSI  53.5-196S. 

5.3J2.2  Criteria  -  The  intelligibility  criteria  shown  in  Table  VI 
shall  be  used  for  voice  communication.  The  efficiency  of  communications 
heeded  and  the  type  material  to  be  transmitted  shall  determine  which 
of  the  three  cormiunication  requirements  of  Table  VI  is  to  be  selected. 


TABLE  VI.  INTELLIGIBILITY  CRITERIA  FOR 
VOICE  COMMUNICATIONS  SYSTEMS 


COMMUNICATION 

SCORE 

REQUIREMENT 

PB 

MRT 

Al 

Exceptionally  high  intelligibility; 
separate  syllables  understood 

90% 

- 

97% 

0.7 

Normally  acceptable  intelligibility; 
about  98%  of  sentences  correctly 
heard;  single  digits  understood 

75% 

91% 

0.5 

Minimally  acceptable  intelligibility; 
limited  standardized  phrases  under* 

Stood;  about  90%  sentencss  correctly 
heard  (not  acceptable  for  opera¬ 
tional  equipment) 

43% 

75% 

0.3 

.  F~ 
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5.3  SPEECH  INPUT  AND  AUDITORY  DISPLAYS  ' 

5.3. i  General  -  Speech  input  is  received  through  microphones  for 
processing  ana  transmission  through  voice  communication  systems 
pr  for  entry  to  speech  recognition  systems.  Auditory  displays 
are  used  not  only  to  present  voice  communication  from  another 
source  but  also  to  present  sonically-derived  sensor  data,  synthetic 
speech,  alerting  and  cueing  signals,  and  other  accoustically-coded 
in  forma  tiion  Tue  numan  auditory  channel  itself  is  distinguished 

by  the  fact  that,  unlike  vision,  it  is  never  turned  off  at  the 

level  with  respect  to  the  acoustic  environment.  Although 
both  the  eye  and  the  ear  integrate  over  short  time  intervals  8 

wherpa«  fh»S  3S  ?n.analyzer  Wlth  respect  to  the  sound  spectrum, 
^hpreas  the  eye  integrates  across  the  visible  spectrum.  These 
differences  and  others  as  discussed  in  this  section  shall  be 
.considered  in  planning  and  designing  systems  utilizing  speech  or 
other  acoustic  signals. 

^ ‘ 1 • 1  Comparative  Characteristics  of  Auditory  Signals  -  For 

to  brnrthrlrK^-8  ftandarrauditory  signals  wUTbe  considered 
to  be  of  three  basic  types:  tones,  complex  sounds,  and  speech  A 

comparison  of  the  strengths  and  weaknesses  of  these  types  with 
Tabled  C°  their  Use  for  various  functions  is.  presented  in 

5  .=3 .1.2  Application 

1-°-— 6  Commune ia t ions  -  Voice  communications  should  be 
considered  For  systems  under  the  following  conditions. 

a.  The  message  content  or  format  cannot  be  predicted  in 
advance. 

b'  wiVlihr^i1-ana/0r  rwpid  ^"action  between  operators 
will  be  required  as  where  there  must  be  joint  solution 

of  a  war  problem,  or  where  it  is  necessary  to  "break  into’ 
concurrent  information  transmission.  I 

c’  IcLu«lce-si?nal  itself  offers  assurance  or  essential 
psychological  support  not  otherwise  available. 

d.  Users  cannot  conveniently  look  at  a  visual  display  to 
obtain  information.  7 


rationale/refereuces 

5.3  "Speech  input"  was  added  to  the 
title  because  of  new  material  as  well 
as  existing  material  on  microphones-. 
"Auditory"  is  used  in  preference  to 
' Audio"  because  it  has  a  sensory 
reference  which  is  more  in  parallel 
with  "Visual"  display. 


Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Design. 
W/2.,  Ch.  4  an'd  S\ - 


TABLE  V.  FUNCTIONAL  EVALUATION  OF  AUDIO  SIGNALS 


MFI  RECOMMENDED  MODIFICATiON 


RATiOMALE/REFERENCES 


5.3.1.i*2  Individual  Speaker  Recognition  -  Automatic  speaker 
recognition  techniques  may  be  employed  in  systems  to  positively 
identify  an  originator  to  an  addressee  or  to  restrict  communica¬ 
tions  access  to  specific  individuals  (e.g. ,  to  limit  access  to  a 
data  bank).  If  individual  speaker  recognition  is  used  for  security 
purposes  (i .c . ,  to  deny  access  to  classified  material  by  unauthor¬ 
ized  personnel)  it  should  be  used  in  combination  with  some  other 
control  method  in  order  to  attain  sufficient  reliability. 


5. 3. 1.2. 2  and  5. 3. 1.2. 3  The 
Standard  needs  to  recognize  the 
emergency  of  speech  recognition 
as  an  important  security  and 
control  factor. 


5.3.1. 2.3  Speech  Recognition  for  Information  Retrieval  and 
Computer  Control  -  Automatic  speech  recognition  systems  which  are 
useoT  to  recognize  the  spoken  words  but  not  the  individual  speaker 
provide  an  alternate  to  keysetting  techniques  for  information 
retrieval  and  computer  control.  However,  because  of  the  possible 
misapplication  of  automatic  speech  recognition,  such  techniques 
should  be  considered  for  use  only  when: 


Professional  judgment. 


a.  The  vocabulary  needed  at  each  phase  of  operation  is  com¬ 
paratively  small.  (Vocabularly  requirements  can  be  con¬ 
siderably  reduced  by  using  syntax  control  which  limits 
the  necessary  vocabulary  search  to  the  words  which  are 
plausible  at  that  particular  point  in  the  entry  sequence) 

b.  Error  rates  would  be  comparable  to  or  more  favorable  than 
those  with  other  types  of  control  inputs  such  as  keysets. 

c.  Speed  of  entry  would  be  equal  to  of  faster  than  conven¬ 
tional  entry  techniques . 

d.  Convenient  means  of  error  detection  and  correction  are 
provided . 


e.  Convenient  means  are  provided  to  inhibit  the  system  ex¬ 
cept  when  speech  input  is  intended. 

f .  Performance  will  be  satisfactory  even  under  stress  con¬ 
ditions. 

5 .3 . 1 .2 .4  Auditory  Displays  -  Auditory  displays  are  necessary 
when  apmplitied  Signals  are  used  in  voice  communications.  They 
should  also  be  considered  under  the  following  conditions. 


Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Design, 

1$>2,  Ch.  4. 
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a.  The  information  that  is  to  be  processed  is  short,  simple, 
and  transitory  requiring  immediate  or  time-based  re¬ 
sponse  . 

b.  The  visual  display  is  restricted  by:  overburdening; 
ambient  light  variability  or  limitation;  operator  mobilit 
degradation  of  vision  by  reason  of  vibration,  high  g- 
forces,  hypoxia,  other  environmental  considerations;  ov 
anticipated  operator  inattention. 

c.  The  criticality  of  transmission  response  makes  supple¬ 
mentary  or  redundant  transmission  desirable. 

d.  It  is  desirable  to  capture  the  operator's  attention  for 
advisory,  cueing,  alerting,  or  warning  purposes. 

e.  Custom  or  usage  has  created  anticipation  of  an  audio 
display. 

f.  The  operator  cannot  commit  the  time  necessary  for 
monitoring  a  visual  display. 

g.  An  auditory  presentation  is  desirable  to  reinforce  a 
visual  presentation. 

5.3. 1.2.5  Aircrew  Stations  -  Audio  signals  for  aircrew  stations 
shall  conform  to  Ml!.-"SW-4l L,  as  applicable. 

5.3. 1.2.6  Sensor  Applications  -  Auditory  displays  for  sensor 
systems  such  as  sonar  and  electronic  countermeasures  shall  be 
made  compatible  with  the  criteria  stated  herein.  Deviations 
shall  require  approval  of  procuring  activity. 

5.3. 1.3  Circuit  Test  -  All  auditory  displays  shall  be  equipped 
with  circuitry  test  devices  or  other  means  of  testing  operability. 

5.3.2  Non-Verbal  Auditory  Signals  for  Advisory.  Cueing.  Alerting 


and  Warning  Functions 


RAT  I ONALE/REFERENCE  S 
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rationale/references 


5. 3. 2.1  General  -  Auditory  signals  shall  be  provided  as  necessary 
to  warn  personnel  of  impending  danger,  to  alert  operators  to  a 
critical  change  in  system  or  equipment  status,  to  remind  operators 
of  a  critical  action  or  actions  that  must  be  taken,  or  to  advise 

personnel  of  some  change  in  system  state  or  data.  (NOTE:  Certain  See  MIL-STD-411 . 

audio  signals  have  been  standardized  for  aircraft  use  by  joint 

service  and  international  agreement.  Stipulation  of  audio  signals 

for  future  aircraft  design  should  be  in  consonance  with  these 

agreements . 

5.3.2. 1.1  Frequency  Range  -  The  frequency  range  shall  be  between  Frequencies  as  low  as  100  Hz  are 
100  and  5,000  Hz'and,  if  possible,  between  500  and  3,000  Hz.  When  used  in  ship  whistles  to  get 
signals  must  travel  over  1,000  ft.  (305  m),  sounds  with  frequencies  long-range  propagation  and  pass 
below  1,000  Hz  should  be  used.  Frequencies  below  500  Hz  should  around  objects. 

be  used  when  signals  must  bend  around  obstacles  or  pass  through 
partitions.  To  the  extent  possible  the  selected  frequency  band 
should  differ  from  the  most  intense  background  frequencies  and 
shall  be  in  accordance  with  other  criteria  in  this  section. 

5.3.2. 1 .2  Avoidance  of  Power  Frequencies  -  In  order  to  avoid 
possible  contusion “between  power  frequencies  emitted  by  mal¬ 
functioning  power  circuits  and  meaningful  auditory  signals,  the 
signal  frequencies  shall  always  be  different  from  the  power 
frequencies . 

5.3.2. 1. 3  Compatibility  With  Acoustical  Environment  -  The  inten¬ 

sity,  duration  and  source  location  of  auditory  signals  shall  be 
selected  so  as  to  be  compatible  environmentally  with  all  personnel 
in  the  signal  areas  as  well  as  with  the  specific  individuals 
intended  to  receive  the  signals.  Except  when  essential  for  safety,  Ref:  Van  Cott,  Human  Engineering 
signal  level  should  not  be  so  high  as  to  cause  discomfort  or  Guide  to  Equipment  Design, 

ringing  in  the  ears.  Criteria  in  Figures _  and  _  shall  be  19?Z,  tfh.  4. 

used  as  guidance. 


5. 3.2.1. 4  Use  of  Different  Characteristics  -  When  several  dif¬ 
ferent  auditory  signals  are  to  be  used  concurrently,  discriminable 
differences  in  spectral  composition  and/or  temporal  pattern  shall 
be  provided.  When  specific  recognition  of  individual  signals  is 
important  their  differences  shall  be  coded  in  a  simple  and  easily 
recognized  way. 
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Figure 


-  Audibility  Curves  and  Damage  Risk  Criteria 


Damage-risk  criteria  of  Beranek,  Rosenblith  and 
Stevens  are  the  same  except  at  the  higher  frequencies. 


Figure 


-  Comfortable  Listening  Levels  (Pure  Tones) 
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rationale/references 

5.3.2. T. 5  Prohibited  Types  of  Signals  -  The  following  types  of  j  (This  was  originally  5. 3. 4. 3. 6  but 
signals  shaltl  not  be  usea  where  possible  confusion  might  exist  j  it  should  be  applicable  to  all 
because  of  the  operational  environment:  |  auditory  signals  -  not  just  warning 

j  signals.) 

a.  Modulated  or  interrupted  tones  that  resemble  navigation  [ 

signals  or  coded  radio  transmissions.  I 

b.  Steady  signals  that  resemble  hisses,  static,  or  sporadic  I 

radio  signals.  > 

c.  Trains  of  impulses  that  resemble  electrical  interference  * 

whether  regularly  or  irregularly  spaced  in  time.  I 

i 

i 

d.  Simple  warbles  which  may  be  confused  with  the  type  made 

by  two  carriers  when  one  is  being  shifted  in  frequency  i 
(.beat-frequency-oscillator  effect).  j 

i 

e.  Signals  that  resemble  random  noise,  periodic  pulses,  j 

steady  or  frequency  modulated  simple  tones,  or  any  other  j 
signals  generated  by  standard  countermeasure  devices 
(e..g. ,  "bagpipes").  ' 

f.  Signals  similar  to  random  noise  generated  by  air  condi¬ 
tioning  or  any  other  equipment.  , 

g.  Signals  that  resemble  sounds  likely  to  occur  accidently 
under  operational  conditions. 

5.3. 2.2  Advisory  Signals  -  Auditory  signals  may  be  provided  to  The  values  are  the  professional 

transmit  information  of  an  advisory  nature  which  does  not  require  judgment  of  Bob  Gales.  (NOSC) 

specific  operator  response  of  acknowledgement,  in  quiet  areas 

advisory  signals  should  be  presented  at  a  level  of  50  to  70  dB  on 

the  A^weighted  scale.  Where  there  is  a  noise  background  they 

should  be  at  least  15  dB  above  the  noise  level  in  the  critical 

band  centered  oh  each  major  component  frequency  of  the  advisory 

signals  (The  width  of  the  critical  band  varies  as  a  function  of 

the  center  frequency  as  indicated  in  Figure  ) 


rationale/references 
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5. 3. 2. 3  Cueing  Signals  -  Auditory  cueing  signals  shall  be  pro-  The  values  are  the  professional 

vided  for’  pacing  or  operator  actions  in  situations  requiring  judgment  of  Bob  Gales  (NOSC) 

timely  execution  of  task  elements  but  where:  (1)  operator  atten¬ 
tion  may  be  diverted  from  the  task  at  hand,  or  (>2)  the  operator 

depends  on  the  cueing  signal  to  know  when  to  perform  the  task. 

Cueing  signals  may  be  used  in  combination  with  visually-presented 
messages  providing  specific  task  element  instructions.  Dueing 
signals  may  be  used  in  combination  with  visually-presented 
messages  providing  specific  task  element  instructions .  Cueing 
signals  should  be  short,  tonal,  and  non-annoying  but  distinctive 
in  character,  and  as  a  general  rule  should  exceed  the  noise  level 
in  the  critical  band  by  at  least  15  dB.  (See  critical  band¬ 
width  in  Figure^ _ .)  Consideration  should  be  given  tc  instru¬ 

menting  the  cueing  signal  system  so  as  to  generate  a  repetition  of 
the  signal  if  the  operator  fails  to  perform  the  desired  action. 

5. 3. 2. 4  Alerting  Signals  -  Alerting  signals  shall  be  provided 
whenever  there  is  a  requirement  for  immediate  response  to  a  sit¬ 
uation  outside  of  the  operator’s  normal  task  sequence  (e.g.,  when 
there  is  incoming  traffic  on  an  unattended  circuit,  or  some  system; 
function  needs  attention  on  an  irregular  basis,  or  there  may  be  a 
minor  component  failure).  Alerting  signals  should  be  of  a  spectra  . 
composition  and  character  more  demanding  of  attention  than  either 
advisory  or  cueing  signals.  They  may  be  momentary  or  continuous 

in  nature  as  appropriate,  but  if  momentary  they  should  be  repeated 
periodically  if  either  (1)  proper  action  is  taken,  nor  (1)  the 
signal  is  turned  off.  Similarly,  continuously-presented  alerting 
signals  should  persist  until  initiation  of  proper  action  or  signal 
turn-off.  After  the  signal  is  terminated  it  should  be  automatical¬ 
ly  reset  to  respond  to  the  next  initiating  condition.  As  a  genera  . 
rule  alerting  signals  should  exceed  the  noise  level  in  the  critica  . 
band  for  all  major  signal  components  by  at  least  15  dB.  (See 
critical  bandwidth  in  Figure _ .) 

5. 3. 2. 4.-1  Differentiation  From  Routine  Signals  -  Alerting  signals 
intended  to  bring  the  operator's  attention  to  a  malfunction  or 
failure  shall  be  differentiated  from  routine  signals  such  as 
bells j  buzzers,  and  normal  operation  noises. 
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rationale/references 

3.2.5  Caution  Signals  -  Caution  signals  shall  be  used  to  5.1 

pture  the  attention  of  personnel  so  as  to  direct  it  to  potential!  ?  bet 
structive  conditions  requiring  immediate  awareness.  (There  is  nc  wa. 
mediate  threat  to  life  or  major  property  damage,  but  there  may  *o< 
cipient  threat  to  either,  or  there  may  be  an  actual  threat  to 
ssible  major  system  malfunction  or  abort.!  They  may  provide 
ther  one  or  two  functions.  A  single  function  caution  signal 
nsists  ot  an  alert  only  and  must  be  accompanied  by  a  visually- 
esented  message  identifying  the  specific  nature  of  the  caution 
tuation.  Two-function  caution  signals  which  provide  both  the 
erting  and  identification  functions  should  be  used  where  the 
tal  number  of  caution  signals  is  small.  Caution  signals  should 
nsist  of  distinctive  complex  sounds  at  least  15  dB  on  the  A- 
ighted  scale  above  the  noise  environment.  They  should  persist 
termittently  until  restoration  of  normal  conditions  or  manual 
ut  off.  Upon  termination  they  should  be  automatically  reset 
respond  to  the  n-^xt  initiating  condition.  A  volume  control 
y  be  incorporated  provided  full  volume  is  automatically  restored 
or.  initiation  of  the  next  caution  signal. 

1.2.5  A  clear  differentiation 
:.*een  alerting,  caution,  and 
*ning  signals  seems  to  be  needed. 

3.2.6  Warning  Signals  -  Warning  signals  shall  be  used  to 
ert  personnel  cf  immediate  action  required  in  hazardous  or 
ergency  situations.  These  signals  shall  provide  two  specific 
nctions:  (1)  alerting  of  personnel,  and  (2)  transmission  of 
entifying  or  action  signals.  These  functions  may  be  accommodate*  i 
cither  a  two-element  or  single  element  signal  as  appropriate 
the  situation  in  consideration  of  the  total  acoustic  signal 
vircnment.  Ordinarily  if  a  small  set  of  warning  signals  is 
ed  the  single  element  signal  would  be  preferred  since  this 
uld  provide  the  shortest  reaction  time.  Warning  signals  should 
nsist  of  distinctive  complex  sounds  of  exceptional  attention- 
tting  value  and  presented  at  a  level  of  at  least  20  dB  (on  the 
weighted  scale)  above  the  noise  environment.  Examples  of  warn- 
g  signals  include  fire  alarms,  collision  claims,  transit  bells 
cranes,  etc. 

i 

i 

¥ 

3. 2. 6.1  Warning  Recognition  Time  -  Warning  signals  shall  be  suf  - 
ciently  distinctive  that  they  can  be  unambiguously  recognized  as 
rning  signals  within  0.5  seconds  of  initiation.  Single^element 
gnals  will,  in  addition,  convey  full  meaning  of  the  signal  with- 
that  initial  0.5  second  period.  In  the  worst  case,  two-eleswnt 
gnals  shall  convey  full  peahing  of  the  signal  within  2.5  seconds 
initiation. 
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5. 3. 2. 6. 2  Conrrol  of  Warning  Signals  -  Warning  signals  may  be 
either  manually  or  automatically initiated,  whichever  is  more 
appropriate  to  the  circumstances.  Manually- initiated  signals 
shall  alsc  be  manually  terminated.  Automatically  initiated  sig¬ 
nals  shall  persist  until  either  automatically  or  manually  terra- 
iraced .  Automatic  termination  shall  r.ct  be  on  a  tine  basis  but 
-acher  on  cither  initiation  of  action  cc  restore  normal  conditions 
;r  upon  restoration  of  normal  conditions.  Provision  for  manual 
•.erniuation  shall  always  'e  provided.  Autcratic  reset  for  the 
::ex~  initiating  condition  shall  b<-  provided  for  all  signals  which 
-:.n  be  autoiisaticas ly  initiated.  Local  area  volume  control  (with 
vo.ars'j  reduction  limited  to  ensure  signal  avdiKiiity)  may  be 
io tor para  ted  provided  full  volume  is  automatical ly  restored  upon 
initiaticn  of  the  u-xt  warning  signal. 

5- 3. 2. 6. 3  Compatibility  With  Existing  Signal  Codes  -  Earning 
signal  characteristics  and  meanings  selected  for  a  system  or 
facility  shall  be  compatible  with  signals  already  established  for 
the  particular  warning  situation. 


j  rationale/references 

i  ■ 


Reviewer  consensus  and  professional 
judgment. 


5. 3. 2. 6. A  Coapctibility  With  Other  Critical  Signals  -  No  warning  J 
signal  shall  be  of  such  a  character  as  to  preclude  hearing  any  * 
ether  warning  signal  or  reception  ef  vital  voice  ccmnunication. 


5.3.2.C.5  Operation  *.vith  Headsets  -  Operators  who  normally  wear 
cjcphanes  covering  both  ears  shall  nave  the  warning  signal  pre-  • 
sentrd  in  the  headset  as  well  as  in  the  work  area.  When  feasible  ! 
a  dichotic  presentation  should  be  utilised  so  as  to  present  the  f 
warning  signal  to  one  ear  and  the  hcraaL  auditory  signals  to  rhe  J 
other  ear,  and  preferably  to  alternate  the  signals  oetween  ears,  j 

i 


5,3.3  Voice  Co—unicatioe. 

5,3.3. 1  Verbal  Caution  ana  Warning  Signs is  -  Verbal  caution 
signals  should  be  aade  aa  standardised  as  possible.  They  cay 
a?  used  iq  connection  with  ah  initial  non-speech  alerting  signal. 
Verbal  warning  signals,  however,  shall  always  be  preceded  by  an 
initial  alerting  signal  (nonspeech)  to  attract  attention  and  to 
designate  the  general  problem.  The  verbal  part  of  the  warning 
signal  shall  consist  of  a  brief  staudardia?d  speech  signs'  ^ verbal 
message)  which  identifies  the  specific  condition  and  apptopriate 
action. 


i 

i 
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5=.3.3.1.1  Intensity  -  Verbal  signals  for  caution  conditions  shall 
be  at  least  10  dB  above  the  noise  level  at  the  operating  position 
of  the  intended  receiver,  and  verbal  warnings  shall  be  at  least 
20  dB  above  the  noise  level.  (All  readings  on  the  A-weighted 
scale.) 

;  5. 3. 3. 1.2  Voice  Criteria  for  Recorded  Caution  and  Warning  Mes¬ 

sages  -  The  voice  used  in  recording  verbal  messages  should  be: 
clear  in  enunciation,  free  from  regional  dialects,  authoritative, 
confident,  and  should  sound  concerned  but  neither  detached  nor 
anxious.  Delivery  should  be  brisk  but  should  sound  unhurried. 

5 . 3 . 3 . 1 . 3  Speech  Processing  of  Caution  and  Warning  Messages  - 
Verbal  caution  and  warning  messages  shall  be  processed  only  when 
necessary  to  increase  or  preserve  intelligiblity ,  such  as  by 
increasing  the  strength  of  consonant  sounds  relative  to  vowel 
strength.  Where  a  signal  must  be  relatively  intense  because  of 
high  ambient  noise,  "peak-clipping"  may  be  used  to  protect  the 
listener  against  auditory  overload. 

5.3.3. 1.4  Message  Content  -  In  selecting  words  to  be  used  in 
recorded  verbal  caution  or  warning  signals,  priority  shall  be 
given  fo  aptness,  intelligibility,  and  conciseness  in  that  order. 

5.3.3. 1.5  Repetition  of  Verbal  Warnings  -  Critical  warning  signals 
shall  be  repeated  with  not  more  than  a  3-second  pause  between 
messages  until  the  warning  state  is  terminated  either  automaticall) 
or  manually. 

5.3. 3.1.6  Prioritization  -  When  there  could  be  a  possibility  of 
simultaneous  presentation  of  automatically  initiated  messages,  a 
message  priority  system  shall  be  provided,  such  that  the  most 
critical  message  overrides  for  initial  presentation  any  messages 
occurring  lower  on  the  priority  list.  Following  initial  presen¬ 
tation  of  the  top  priority  message  other  messages  should  be  pre¬ 
sented  in  priority  order,  except  that  no  caution  messages  should 
be  presented  until-  all  warning  messages  are  terminated. 


rationale/references 


5 . 3 . 3 . 2  Voice  Communication  Equipment 
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5.3:.3.2.1  Telephone  or  Radio  Communications  -  Design  o f  military 
■integrated  telephone  or  radio  communication  systems,  either  of  a 
switched  or  point-to-point  nature,  shall  be  in  accordance  with  the 
applicable  requirements  of  MIL-STD-188. 

5.3.3. 2 . 2  Microphones  and  Speech  Input  Equipment 

5. 3..  3. 2. 2.1  Frequency  -  Microphones  and  associated  system-input 
devices  shall  be  designed  to  respond  optimally  to  that  part  of 
the  speech  spectrum  most  essential  to  intelligibility  (i.e.,  200 
to  6, ,100  Kz)  except  where  speech  transmission  bandwidths  are 
substantially  narrower  as  in  commercial  telephone  practice.  In 
these  cases  the  speech  input  equipment  shall  be  compatible  with 
the  transmission  bandwidth  being  used. 

5.3. 3. 2. 2. 2  Dynamic  Range  -  The  dynamic  range  of  a  microphone 
and:  its  associated  amplifier  shall  be  great  enough  to  admit 
varialiiuns  in  signal  input  of  at  least  50  dB. 

5.3.J..2  .2.3  Noise  Cancelling  Microphones  -  In  very  loud,  low 
frequency  noise  environments  (e.g.,  lOo  dB  or  over),  noise- 
cancelling  microphones  shall  be  used  and  shall  be  capable  of 
effecting  an  improvement  of  not  less  than  10  dB  n  peak-speech 
to  root-mean-square-noise  ratio  as  compared  with  non-noise- 
cancelling  microphones  of  equivalent  transmission  characteristics. 

5. 3.3.2. 2. 4  Pre-emphasis  -  If  necessary,  speech  system  input 
devices  may  employ  frequency  pre^emphasis  with  a  positive  slope 
frequency  characteristic  no  greater  than  18  dB  per  octave  from 
140  to  1,500  Hz  and  no  greater  than  9  dB  per  octave  over  the 
frequency  range  1,500  to  4,800  Hz,  when  ho  clipping  is  used. 

5.3..  3.2.2:. 5  Peak-Clipping  of  Speech  Signals  -  Where  speech  signals 
are  to  be  transmitted  over  channels  showing  less  than  15  dB  in 
peak-speech  to  root-mean-square-noise  ratios,  peak-clipping;  of  12 
to  20  dB  may  be  employed  at  the  system  input  and  may  be  preceded 
by  frequency  pre-emphasis  as  specified  in  5. 3. 3. 2. 2.4. 

5. 3;. 3. 2. 2. 6  Noise  Shields  -  When  the  talker  is  in  ah  intense 
noise  field ,  the  microphone  should  be  put  in  a  noise  shield. 

Noise  shields  should:  be  designed  to  meet  the  following  require¬ 
ments;: 


rationale/references 
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a.  A  volume  of  at  least  250  cu.  cm  (15  cu  in.)  to  permit  a 
pressure  gradient  microphone  to  function  normally. 

b.  A  good  seal  against  the  face  with  the  pressure  of  the 
hand  or  the  tension  of  straps. 

c. .  A  hole  or  combination  of  holes  covering  a  total  area  of 

6.5  sq..  mm  (0.1  sq .  in.)  in  the  shield  to  prevent  pres¬ 
sure  buildup. 

d.  Prevention  of  a  standing  wave  pattern  by  shape,  or  by 
use  of  sound- absorbing  material. 

e=.  No  impediment  to  voice  effort,  mouth  or  jaw  movement  or  ! 
breathing.  j 

5..  3 .3.2.3  Earphones  and.  Loudspeakers  ! 

5 . 3 . 3 . 2 . 3 . 1  Frequency  Response  -  Earphones  and  loudspeakers  shall  | 
be  subject  to  the  same  frequency  response  restrictions  as  micro-  j 
phones  and  transmission  equipment  except  that  loudspeakers  for  j 
use  in  multi-speaker  installations  (e.g. ,  where  several  speech.  I 
channels  are  to  be  monitored  simultaneously)  shall  respond  uni-  ! 
formly  (t'5  <IB)  over  the  range  100  to  A, 800 -Ha. 

5;.  3 . 3..  2 .3.2  Loudspeakers  for  Multi-channel  Monitoring  j 

a.  Mounting  of  Speakers  -  if  separate  speakers  on  different  I 
channels  are  to  Be  monitored  simultaneously  the  speakers  j 
shall  be  mounted  so  that  they  are  not  less  than  10°  apart 
radially  with  respect  to  a  central  operator  position,  as 
in  a  console-configured  control  or  communication  center. 
"Channel-busy"  lights  shall  be  provided  -to  show  channel, 
utilisation. 

b,  filtering  -  When  additional  channel  differentiation  is 
require  dr,,  apparent  lateral  separation  may  be  -enhanced 
by  applying  low-pasrs  filtering  (frequency  cutoff,  Fc» 

1 ,800  Hz)  to  signals  fed  to  -loudspeakers  on  one  side  of 
the  central  operator  position.  If  there  are  three  chan¬ 
nels,  one  channel  should  be  left  unfiltered ,  a  high  pass 
filter  with  1,000  Hz  cutoff  should  be  provided  in  the 
second  channel,  and  a  lowrpass  filter  t*ith  2,500  Hz 
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cutoff  should  be  provided  in  the  third  channel.  "Channel- 
busy"'  lights  shall  be  provided  to  show  channel  utiliza¬ 
tion. 

5;.3.3.2.4  Use  of  De-emphasis  -  If  transmission  equipment  employs 
pre-emphasis  and  peak-clipping  is  not  used,  reception  equipment 
should  employ  frequency  de-emphasis  of  characteristics  comple¬ 
mentary  to  chose  of  pre -emphasis  only  if  it  improves  intelligi¬ 
bility-,  i.e.,  de-emphasis  shall  be  a  negative-slope  frequency 
response  not  greater  than  9  dB  per  octave  over  the  frequency 
range  140  to  4,800  Hz. 

5. 3. 3. 2. 5  Headsets  -  If  listeners  will  be  working  in  high  ambient 
noise  (85  dB  or  above),  binaural  rather  chan  monaural  headsets 
shall  be  provided.  Unless  operational  requirements  dictate  other¬ 
wise,  binaural  headsets  shall  be  wired  so  that  the  sound  reaches 
the  two  ears  in  opposing  phases.  Their  attenuation  qualities 
should  be  capable  of  reducing  the  ambient  noise  level  to  less 
than  85  ciB  on  the  A-weighted  scale  for  all  users  including  those 
who- wear  glasses. 

5.3.3. 2.5.1  Sneaker  Side  Tone  -  If  headsets  are  used,  feedback  of 
the  speaker's  own  voice  (side  tone)  shall  be  provided  via  the 
earphones.  The  side  tone  shall  not  be  filtered  or  modified  before! 
it  is  displayed  and  it  shall  be  in  phase  with  the  speech  signal.  j 

5 . 3 . 3 . 2 . 6  Operating  Controls  for  Voice  Communication  .Equipment 

5.3. 3.2. 6.1  Volume  Controls  -  Accessible  volume  or  gain  controls 
shall  be  provided  for  each  communication  receiving  channel  (e.g., 
loudspeakers  or  headphones)  with  sufficient  range  to  drive  sound 
pressure  level  to  at  least  T10  dB  overall  when  using  two  ear¬ 
phones.  (Unpressurized  aircraft  shall  be  equipped  with)  pressure-^ 
operated  gain  control  switches  to  compensate  for  altitude  changes.' 
The  minimum  setting  of  the  volume  control  shall  be  limited  .to  an 
audible  level,  i.;e.,  it  shall  not  be  possible  to  inadvertently 
disable  the  system  with  the  volume  control .  While  separation  of 
power  (on-off)  and  volume  control  adjustment  functions  into  separ¬ 
ate  controls  is  preferred,  if  conditions  justify  th£ir  combina¬ 
tion,  a  noticeable  detent  position  shall  be  provided  between  the 
OFF  position  and  the  lower  end  of  the  continuous  range  of  volume 
adjustment . 

r  ~ ,  -mm---  .A 


rationale/references 


Ref:  HEl-Std  S-7-68,  p.  175. 
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5.3. 3.2 .6.2  Squelch  Control  -  Where  communication  channels  are 
to  be  continuously  monitored,  each  channel  shall  be  provided 
with  a  signal-activated  switching  device  (squelch  control)  to 
suppress  channel  noise  during  no-signal  periods. 

5. 3. 3. 2. 6. 2  Hands-Free  Operation  -  For  situations  in  which  op¬ 
erators  using  microphones  and/or  headsets  also  have  both  hands 
occupied  most  of  the  time,  consideration  shall  be  given  to  pro¬ 
viding  hands-free  operation  of  microphone  and  headset  switching 
through  use  of  foot  switches,  voice-actuated  switches,  or  remotely 
controlled  switches  as  appropriate  to  the  circuits  in  use.  If 
there  may  be  any  requirement  to  operate  the  microphone  and/or 
Headset  switching  from  a  standing  position,  then  hand-operated 
switches  shall  also  be  provided. 

5.3.3. 2. 7  Operator  Comfort  and  Convenience 

5. 3. 3. 2. 7.1  Comfort  -  Communication  equipment  to  be  worn  by  an 
operator  (e.g.  ,  headphones  and  telephone  headsets)  shall  be  de¬ 
signed  to  preclude  operator  discomfort.  Metal  parts  of  the  head¬ 
set  shall  not  come  in  contact  with  the  user’s  skin.  Materials  i 
selected  shall  be  impervious  to  biological  organisms  such  as  molds j 
and  fungi  and  shall  not  deteriorate  from  humi di ty  or  perspiration.; 

5 . 3 . 3 . 2 . 7 . 2  Accessibility  of  Handsets  -  Where  communication  re¬ 
quirements  necessitate  the  use  of  several  telephone  handsets, 
the  accessibility  of  their  standby  locations  shall  be  determined 
by  operational  priority,  i.e,,  the  most  frequently  or  urgently 
needed  handset  shall  be  the  most  accessible.  Color-coding  may 
also  be  employed  where  operating  personnel  will  have  visual 
contact  with  handsets  under  the  working  conditions. 

5 . 3 . 3.2.8  Speech  Intelligibility 

5. 3. 3.2.8. 1  Testing  Methods  -  When  information  concerning  the 
speech  intelligibility  of  a  system  is  required,  three  recommended 
methods  are  available,  with  the  appropriate  selection  being 
dependent  upon  the  requirements  of  the  test. 


rat.ionale/references 
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a.  the  ANSI  standard  method  of  measurement  of  phonetically 
balanced  (PB)  monosyllabic  word  intelligibility, 

S3 . 2-1960,  should  be  used  when  a  high  degree  of  sensi¬ 
tivity  and  accuracy  is  required. 

b.  The  modified  rhyme  test  (MRT)  (see  Human  Engineering  Guid< 
to  Equipment  Design)  should  be  used  if  the  test  require¬ 
ments  are  not  as  stringent  or  if  time  and  training  do  not 
permit  the  use  of  the  ANSI  method. 

c.  The  articulation  index  (Al)  calculations  should  be  used 
for  estimations,  comparisons  and  predictions  of  system 
intel ligibil ity  based  upon  ANSI  S3. 5-1969. 

•  5 . 3 . 3 . 2 . 8 . 2  Relationship  of  Test  Scores  to  Operational  Intelligi¬ 
bility  -  Table  Vl~; p res e n t s  the  minimum  acceptable  scores  for  PB^ 
MRT,  and  AT  tests  which  shall,  be  qualifying  for  fulfilling  various 
,  intel ligibi i ity  requirements .  The  efficiency  of  communications 
:  needed  and  the  type  material  to  be  transmitted  shall  determine 
.  which  of  the  intellligibi lity  levels  of  Table  VI  is  to  be  selected,  j 


Table  VI.  Minimum  Acceptable  Test  Scores  for  Various  !  Believe  the  title  modification  may 

Levels  of  Intelligibility  in  Voice  Common [cations  Systems  (  be  more  descriptive  of  table  content 


' 

_  SCORE  _ 

INTELLIGIBILITY  LEVEL 

_  PB 

MRT 

AT 

Exceptionally  high  intelligibility; 
separate  syllables  understood 

90% 

97% 

0.7 

Normally  acceptable  intelligibility; 
about  98%  of  sentences  correctly 
heard;  single  digits  understood 

75% 

91% 

0.5 

Minimally  acceptable  intelligibility; 
limited  standardized  phases  under¬ 
stood;  about  90%  sentences  correctly 
heard.  ' 

43% 

75% 

0.3 

ORIGINAL  REQUIREMENT 
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5.4  CONTROL'S  - 


5.4.1  General  Criteria  - 

5.4.1 .1  Selection  - 

5.4 „kl  1  sQijtributjon  of  Load  -  Controls  shall  be  selected  and  dis¬ 
tributed  so  that  none  of  the  operator's  limbs  will  be  overburdened. 

5.4.1  1.2  G-loadj no  -  Where  applicable,  control  selection  shall  in-lud- 
consideration  of  operation  under  variable  g-loading  on  the  operator" 

5.4. 1 .1.3  i^i^tatioiLjontrols  -  Multirotation  controls  shall  be  used 
when  precision  is  required  over  a  wide  range  of  adjustment. 

5  4 . ! .-j . 4  ;0etent  .Controls  -  Detent  controls  shall  be  selected  whenever 
the  operational  mode  requires  control  operation  in  discrete  stent. 


R  ader  may  interprec  to  mean  that 
control  functions  must  be  divided 
up  equally! 

Each  of  these  requirements  tends 
to  be  too  simplistic  to  have 
broad  applicability  for  all 
functional  requirements. 


i 
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Operation  under  variable  g-loading  on  the  operator. 
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b.  Mobility  constraints  of  special  clothing,  e.g.,  pressure  . 
garments,  gloves  and  mittens,  and/cr  special  restraint 
systems,  e.g.,  seat  belts,  electrical  and  life  support 
leads  and  connections. 

c.  The  degrading  affects  of  expected  environments  such  as 
acceleration/deceleration,  vibration,  extreme  cold  or  heat 


d.  How  the  operator  is  supported  and/or  anchored,  i.e.,  in 
order  to  apply  required  force,  to  maintain  a  given 
control  contact  for  the  required  duration,  and/or  to  have 
sufficient  stability  to  perform  a  ^precise  manipulation. 

5. 4. 1.1. 4  Standard  Practice  -  Unless  specified  elsewhere  in  this  To  preclude  freakish  designs  that 
standard  or  other  government  standards  and  specifications,  and/or  could  result  in  operator  confusion, 
demonstrable  improvement  in  operator  performance  is  shown  by 
alternate  concepts,  standard  practice  relative  to  certain  control- 
function  utilization  shall  be  as  follows: 

a.  Two-dimensional  vehicle  steering  shall  be  by  means  of  a 
steering  wheel. 


b.  Three-dimensional  vehicle  steering/attitude  control  shall 
be  by  means  of  a  joystick  or  combination  joystick  wheel, 
and  rudder  pedals.  - 

c.  Primary  vehicular  braking  shall'  be  by  means  of  a  foot 
pedal (s). 

d.  Primary  automotive  acceleration  shall  be  by  means  of  a 
foot  pedal . 
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e.  Aircraft  throttle  functions  shall  be  controlled  by  means 
of  manually-operated  levers. 

f.  Automotive  transmission  gear  position  selection  shall 
be  by  means  of  a  lever. 

g.  Continuous-adjustment,  panel  control  functions  shall  be 
by  means  of  rotary  controls. 

h.  Discrete  multi-position-selection  panel  control  functions 
•  shall  be  by  means  of  rotary  selector  switches,  push 

buttons  or  mechanically  detented  levers. 

i.  Multi-axis,  console-type  tracking  function  control  shall 
be  by  means  of  joystick,  track-ball  and/or  handcranks. 

j.  Valve  control  functions  shall  be  controlled  by  means  of 
rotary  knobs  or  T-handles.  Valves  shall  have  the  word 
VALVE  in  their  labels. 

k.  Simple  two-position,  panel  control  functions  shall  be 
accomplished  by  means  of  toggle,  .push  button,  rocker  or 
slide  switches. 

5. 4. 1.1. 5  Control  Accessibility  -  All  controls  shall  be 
located  within  reach  of  the  operator  considering  the  follow¬ 
ing  factors: 

a.  Operators  with  the  shortest  arm  and  leg  reach  (e.g. , 

5th  percentile). 

b.  Direct  access  without  making  awkward  extensions  around 
intervening  obstacles. 

c.  Accessible  without  assuming  awkward  body  positions,  and 
br  disturbing  critical  eye  reference  requirements. 

d.  Convenient  for  the  nature  of  the  control  movements  re¬ 
quired. 
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e.  Compatible  with  potentially  restricting  elements  within 
the  operating  envelope  i.e.,  seat  back  or  side  structure 
that  preventsthe  operator  from  bending  an  arm  or  leg 
as  necessary  to  manipulate  a  control  close  to  his  or  her 
body,  or  a  forward  panel  or  structure  that  could  be  struck 
by  the  knee  and  thus  prevent  or  disturb  the  normal  move¬ 
ment  of  the  leg  in  operating  a  foot  control. 

Note:  Refer  to  NASA  Reference  Publication  1024  for  appro¬ 
priate  reach  limits  of  specified  user  population. 


rationale/references 


5 .  < .  1 . 2  Direction  of  iiovemen t  - 


5. 4. 1.2.1  Consistency  of  Movement  -  Controls  shall  bs  selected  so  Wat 
the  direction  o  movements  of  the  control  will  he  consistent  with  the 
related  movement  of  an  associated  display,  equipment  component,  or 
vehicle.  In  general,  movement  of  a  control  forward,  clockwise,  to  We 
right,  or  up  or  pressing  or  squeezing  a  control  shall  turn  the  equipment 
or  component  .on,  cause  the  quantity  to  increase,  or  cause  the  equipment 
or  component  tc  move  forward,  clockwise,  to  the  right,  or  up.  Val.-p 
controls  are  excepted  (see  5.4. 1.2.4). 

5.4. 1.2.2  MEjdimensior.a i  Operation  -  When  the  vehicle,  the  equipment 
or  the  components  are  capable  of  motion  in  more  than  two  dimensions, 
exception  to  5. 4. 1.2.1  shall  be  made  if  necessary  to  ensure  consistency 
of  anticipated  response  ,'e.g, ,  forward  motion  of  a  directional  control’ 
causes  some-  vehicles  to  dive  or  otherwise  descend  rather  than  to  simply 
move  forward)  When  sevc-ral  controls  are  combined  in  one  control  device, 
caution  shall  be  exercised  to  avoid  conflicts  (e.g.,  control  motion  to 
the  right  is  compatible  with  clockwise  roll,  right  turn,  and  direct  move¬ 
ment  to  the  right). 


5.4. 1.2.3  Cperato--cont-'Ol  Orientation  -  Controls  shall  be  oriented 
with  respect  to  the  operator,  where  the  operator  .-ay  yse  two  or  ’tor.- 
vchicle  opetator  stations,  the  controls  shall  cause  movement  oriented 
to  the  operator  at  the  effecting  station,  unless  remote  visual  refer¬ 
ence  is  used. 


5.4.1. 2.-*  Valve  Controls  -  Notary  valve  controls  should  open  the  valve 
with  a  counterclockwise  motion.  Valve  controls  shall  be  provided  with 
double-ended  arrows  showing  the  direction  of  operations  and  appropriately 
labeled  at  each  end  to  indicate  the  functional  result  (e.g.,  open  and 
close). 


Although  there  is  no  argument  with 
what  is  here,  we  feel  that  a  number 
of  contingencies  relative  to  a 
broader  range  of  application  should 
be  addressed.  A  slight  title 
change  also  seems  to  be  in  order 
since  more  than  direction  of 
motion  is  discussed. 


/ 
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5- 4. 1.2  1  Direction  of  Motion  Expectancy  -  Expected  control- 
system  motion  relationships  shall  be  observed  in  the  design, 
selection  and/or  arrangement  and  positioning  of  controls. 

Among  these  are  the  following: 

Rotary  controls  are  expected  to  rotate  clockwise  to 
effect  an  increasing  function.  (See  (c).) 

A  lever  is  expected  to  move  forward,  up  or  to  the  right 
tor  an  increasing  function,  but  up  or  aft  to  apply  a 
braking  action. 

A  rotary  valve  control  is  expected  to  rotate  counter¬ 
clockwise  to  increase  line  flow,  e.g.,  liquid  flow.  A 
double-ended  arrow  labeled  OPEN  in  the  CCW  direction 
and  CLOSE  in  the  CW  direction  shall  be  used  to  identify 
movement  relationships. 

d.  An  accelerator  pedal  is  expected  to  be  depressed  to 
increase  speed  of  a  vehicle. 

e.  A  brake  pedal  is  expected  to  be  depressed  to  cause 
braking. 

5. 4. 1.2. 2  Control-Display  Motion  -  (See  5.1. 3. 3) 

5. 4. 1.2. 3  Control-Device  Motion  -  When  a  control  effects  the 
movement  of  some  appended  device  directly  observable  by  the 
operator  (e.g. ,  window,  windshield  wiper,  remotely-controlled 
object  such  as  a  crane  boom  and  tackle  or  hook,  t emote  manipulator,! 
etc.),  the  motion  of  the  control  and  the  controlled  object  shall 
be  similar, 

5.4. 1.2. 4  Control-Vehicle  Motion  Relationships  -  (See  5. 1.3. 3. 3) 


RATiONALE/RErERENCES 

We  feel  it  is  important  to  cover 
the  several  contingencies  that 
must  be  addressed  in  considering 
control  direction  and  especially 
with  respect  to  variations  that” 
occur  with  a  variety  of  applica¬ 
tions.  These  are  addressed  in 
a  wide  variety  cf  handbooks  and 
special  reports,  but  seldom  dees 
a  particular  reference  cover  all 
contingencies.  The  recommenda¬ 
tions  hopefully  are  more  compre¬ 
hensive.  In  addition,  accepted 
conventions  are  identified  to  pre¬ 
clude  "odd  inventions"  by  some’ 
designer  who  is  trying  to  be 
different.  A  recent  MFI  study  of 
driver  control  operation  expectancies 
provides  evidence  to  support  these 
control  motion  principles. 

(DOT  HS-803-456). 


_  _ "r  i  Rc^uriricnutu  nUUI  hlCATION 


5-4,1;2  5.  Other  Control-System  Motion  -  when  ,n 

forwarS1^  °^nCed  4  direct  relationship  toPthe  normal 

orward  direction  or  a  vehicle  or  system,  controls  should  bp 
arranged  and  operate  normal  to  the  operator's  orientation  i  e 

grles  fo3m  the^orward  ll'lolt 0g 

same  directs  ItolfZiltlS***  **  headed  the 
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MFI  COMMENTS 


5. 4. .1.3  Arrangement  and  Grouping  - 


5.4. 1.3.1  Grouping  -  All  controls  which  have  sequential  relations, 
which  have  to  do  with  a  particular  function  of  operation,  or  which  are 
operated  together,  shall  be  grouped  together  along  with  their  associated 
displays.  When  several  steps  of  a  sequence  are  combined  on  one  control, 
the  control  movements  required  shall  be  minimized  and  the  systems  shall 
not  be  cycled  ON/OFF  or  through  operational  modes  unnecessarily. 


Should  start  with  "primary  controls". 


5. 4. 1.3. 2  Sequential  Operation  -  Where  sequential  operations  follow  a 
fixed  pattern,  controls  shall  be  arranged  to  facilitate  operation  (e.g., 
in  a  pattern  left-to-rigbt  and  top- to- bottom,  as  a  printed  page). 

5.4.1. 3.3  Location  of  Primary  Controls  -  The  most  important  and  fre¬ 
quently  used  controls  shall  have  the  most  favorable  position  with  respect 
to  ease  of  reaching  and  grasping  (particularly  rotary  controls  and  those 
requiring  fine  settings). 

5.4. 1.3.4  Consistency  -  The  arrangement  of  functionally  similar,  or 
identical,  primary  controls  shall  be  consistent  from  panel  to  panel 
throughout  the  system,  equipment,  unit,  or  vehicle. 

5. 4. 1.3. 5  Remote  Con.tr o Is  -  Where  controls  are  operated  at  a  position 
remote  from  the  display,  equipment,  or  vehicle  controlled,  control 
arrangement  shall  be  established  to  facilitate  direction-of-movement 
consistency.  The  observed  result  and  not  the  effecting  mode  shall  be 
considered, 

5 . 4 . 1 . 3 . 6  Maintenance  and  Adjustment  -  In  general,  controls  used  solely 
for  maintenance  and  adjustment  and  referred  to  infrequently  shall  be 
covered  during  normal  equipment  operation,  but  shall  be  readily  acces¬ 
sible  and  visible  to  the  maintenance  technician  when  required. 

5. 4. 1.3.7  Spacing  -  Minimum  spacing  between  contrc’s  shall  comply  with 
Table  VI l. 


TABLE  VII.  MINIMUM  SEPARATION  DISTANCES  FOR  CONTROLS 


TOGGLE 

SWITCHES 

•PUSH¬ 

BUTTONS 

CONTINUOUS 

ROTARY 

CONTROLS 

ROTARY 

SELECTOR 

SWITCHES 

DISCRETE 

THUMBWHEEL 

CONTROLS 

TOGGLE 

SWITCHES 

SEE  FIG  11 

0.5"(13  mm) 

0.75"(19  mm) 

0.75”(19  mm) 

0.5"(13  mm) 

•PUSHBUTTONS 

0.5"(13  mm) 

SEE  FIG.  9 

0.5"(13  mm) 

0.5"(13  mm) 

O.S"(13  mm) 

CONTINUOUS 

NOTARY 

CONTROLS 

0.75"(19mm) 

O.S‘‘(13  mm) 

SEE  FIG  6 

1.0"(25  mm) 

0.75"(19  mm) 

ROTARY 

SELECTOR 

SWITCHES 

0.75"(19  mm) 

0.5"(13  mm) 

1.0”(25  mm) 

SEE  FIG  3 

0,75"(19  mm) 

DISCRETE 

THUMBWHEEL 

CONTROLS 

0.5"(13  mm) 

0.5''(13  mm) 

0.75”(19  mm) 

0.75"{19  mm) 

SEE  FIG  5 

•For  pushbuttons  not  separated  by  barriers 


All  values  are  for  one  hand  operation.  Distances  are  measured  in 
inches  and  are  measured  from  edge  to  edge  of  each  control. 


MFI  RECOMMENDED  MODIFICATION  RATIONALE/REFERENCES 


5 .-A.  1.3  Arrangement:  and  Grouping 

5.4. 1.3.1  Primary  Controls  -  The  most  important  and  frequently-  This  :s  first  priority, 
used  controls  shall  have  the  most  favorable  positions  with  respect 
to  convenience  and  ease  of  use  from  the  specified  operator  posi¬ 
tion. 


5. 4. 1.3. 2  Functional  Grouping  -  Controls  that  are  related  by 
function  and/or  sequence  of  use  shall  be  grouped  together  along 
with  their  associated  displays.  When  several  steps  of  a  sequence 
are  combined  in  one  control,  the  control  movements  required  shall 
be  minimized  and  the  systems  shall  not  be  cycled  ON/OFF,  or 
through  operational  modes  unnecessarily.  Odd  (unrelated  control 
functions)  shall  not  be  interspersed  within  the  spatial  confines 
of  a  group  of  functionally-related  controls. 

5. 4. 1.3. 3  Sequential  Operation  -  [use  original  material  from 
par.  5 . 4 . 1 . 3 . 2 !] 

5.4. 1.3. 4  Emergency  Controls  -  Emergency  function  controls  shall 
be  located  where  they  can  be  identified  and  reached  with  a  minimum 
loss  of  time.  However,  their  location  shall  not  be  such  that 
accidental  use  or  inadvertent  contact  could  result  in  serious 
system  malfunction  and/or  ultimate  injury  to  personnel. 

5.4. 1.3.5  Remote  Concrols  --fuse  original  material  from  par. 

5,4. 1.3.5.] 


5.4. 1.3.6  Consistency  -  When  functionally  similar  control  inter¬ 
faces  appear  in  more  than  one  operator  station  withirt  the  same 

of  similar  systems,  control  locations  and  arrangements  should 
also  be  the  same  or  at  least  similar. 

5.4. 1.3.7  Spacing  -fuse  original  material  f  m  par.  5.4.1.3.7.J 


5. 4. 1.3. 8 
from  par. 


Maintenance 
5- 4. 1.3. 6.] 


and  Adjustment  -  [Use  original  material 
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TABLE  VII.  MINIMUM  SEPARATION  DISTANCES  FOR  PANEL-MOUNTED  CONTROLS 


TOGGLE 

SWITCHES 

•PUSH¬ 

BUTTONS 

CONTINUOUS 

ROTARY 

CONTROLS 

ROTARY 

SELECTOR 

SWITCHES 

OISCRETE 

THUMBWHEEL 

CONTROLS 

TOGGLE 

SWITCHES 

See  Table _ 

0.5"(13mm) 

0.75”(19  mm) 

0.75"|19  mm) 

0.5"(13  mm) 

•PUSHBUTTONS 

0.5"(13  mm) 

See  Table _ 

0.5"(13  mm) 

0.5"(13  mm) 

0.5"(13  mm) 

CONTINUOUS 

ROTARY 

CONTROLS 

0.75"(19mm) 

0.5"(13  mm) 

SEE  FIG  6 

1.0"(2S  mm) 

0.75"{19  mm) 

ROTARY 

SELECTOR 

SWITCHES 

0.75”(19  mm) 

0.5"CI3  mm) 

1'.0"(25  mm) 

i< 

0.5  (13tm) 

0.75"(19  mm) 

'  DISCRETE 
THUMBWHEEL 
CONTROLS 

0.5"(13mm) 

0,5-'{13mm) 

0.75"(19  mm) 

0.75”{19  mm) 

SEE  FIG  5 

•For  puihbutton*  not  tcparittd  by  b«rri«ri 


All  values  are  for  one  hand  operation.  Distances  are  measured 
in  inches  and  are  measured  at  the  closest  point  of  approach  for 
each  pair  of  controls  as  they  are  moved  throughout  their  entire 
range  of  movement . 


PT 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5 . 4 . 1 . 4  Cod i nq  - 

5. 4. 1.4.1  Methods  and  Requirements  -  The  selection  of  a  coding  mode 
(e.g.,  size  and  color)"  for  a  particular  application  shall  be  determined 
by  the  relative  advantages  and  disadvantages  for  each  type  of  coding.  ' 
Where  coding  is  selected  for  the  purpose  of  differentiating  among  con¬ 
trols,  aoplication  of  the  code  shall  be  uniform  throughout  the  system. 
{See  Table  VI!i  for  advantages  and  disadvantages.) 

5. 4. 1.4. 2  Location-Coding  -  Controls  associated  with  similar  functions 
should  be  in  the  same  relative  location  from  panel  to  panel. 

5. 4. 1.4. 3  Size- Coding  -  No  more  than  three  different  sizes  of  controls 
shall  be  used  in  coding  controls  for  discrimination  by  absolute  size. 
Controls  used  for  performing  the  same  function  on  different  items  or 
equipment  shall  be  the  same  size. 

5.4.1 .4.4  Shape-Coding  -  Control  shapes  shall  be  both  visually  and 
tactually  identifiable  and  shall  be  designed  to  be  free  of  sharp  edges. 

5. 4. 1.4. 5  Color-Coding  - 

5. 4. 1.4. 5.1  Choice  of  Colors  -  Controls  shall  be  black  (17033)  or 
gray  (26231).  If  color  coding  is  required,  only  the  following  colors 
identified  in  FED-STD-595  shall  be  selected  for  control  coding. 

a.  Red,  11105,  21105 

b.  Green,  14187,  24187 

c.  Orange- Yellow,  13538,  23533 

d.  White,  17875,  27875 

e.  Blue,  15123  or  25123,  shall  be  used  if  an  additional  color,  is 
absolutely  necessary. 


Works  tat  ion- to-wor-ks ta  tion  also. 


Last  sertence;  requirement  not 
always  practical.  Size  vs  snanip- 
ulabilit/  is  ignored. 


Insufficient  guidance. 


TABLE  VIII.  ADVANTAGES  AND  DISADVANTAGES  OF  VARIOUS  TYPES  OF  CODING 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5. 4. 1.4. 5. 2  Immediate  Action  Controls  -  Color  coding  of  immediate  action 
controls  for  aircraft  shall  conform  to  MIL-M-18012. 

5. 4. 1.4. 5. 3  Relation  to  display  -  1  /hen  color-coding  must  be  used  to 
relate  a  control  to  its  corresponding  display,  the  same  color  shall  be 
used  for  both  the  control  and  the  display. 

5. 4. 1.4. 5. 4  Control  Panel  Contrast  -  The  color  of  the  control  shall 
provide  contrast  between  the  panel  background  and  the  control. 

5. 4. 1.4. 5. 5  Ambient  Lighting  and  Color-coding  Exclusion  -  Prior  to 
selection  of  color  code,  consideration  shal 1  be  given  to  anticipated 
ambient  lighting  coordination  throughout  the  mission.  Color-coding 
shall  not  be  used  as  a  primary  identification  medium  if  the  spectral 
characteristics  of  ambient  light  during  the  mission,  or  the  operator's 
adaptation  to  that  light,  varies  as  the  result  of  such  factors  as  solar 
glare,  filtration  of  light,  and  variation  from  natural  to  artificial 
light.  If  red  lighting  is  to  be  used  during  a  portion  of  the  mission, 
controls  which  would  otherwise  be  coded  red  shall  be  coded  by  orange- 
yellow  and  black  striping. 

5. 4. 1.5  Labeling  of  Controls  -  Control  labeling  shall  conform  to  the 
criteria  in  paragraph  5.5. 

5. 4. 1.6  Compatibility  with  Handwear  -  Controls  shall  be  compatible, 
with  handwear  to  be  utilized  in  “the  anticipated  environment.  Unless 
otherwise  specified,  all  dimensions  cited  herein  are  for  bare  hands 
and  should  be  revised  where  necessary  for  use  with  gloves  or  mittens. 

5. 4. 1.7  Blind  Operation  -  Where  "blind"  operation  is  necessary,  hand 
controls  shall  be  shape-coded,  or  separated  from  adjacent  controls  by 
at  least  5  inches  (125  mm). 

5 . 4 . 1 . 8  Prevention  of  Accidental  Activation  - 

5. 4. 1.8.1  Location  and  Design  -  Controls  shall  be  designed  and  located 
so  that  they  are  not  susceptible  to  being  moved  accidentally.  Particular 
attention  shall  be  given  to  critical  controls  whose  inadvertent  operation 
might  cause  damage  to  equipment,  injury  to  personnel  or  degradation  of 
system  functions. 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5. 4. 1.8. 2  Internal  Controls  -  Internal  or  hidden  controls  should  be 
protected,  because  it  is  usually  not  obvious  that  such  controls  have 
been  disturbed  and  it  may  be  difficult  and  time  consuming  to  locate  and 
readjust  them. 

5«d.l.8.3  Rapjd  Operation  -  Any  method  of  protecting  a  control  from  in 
advertent  operation  shall  not  preclude  its  being  operated  within  the 
time  required. 

5. 4. 1.8.4  Methods  -  For  situations  in  which  controls  must  be  protected 
from  accidental  activation,  one  or  more  of  the  following  methods,  es 
appl icable,  shal 1  be  used: 

a.  Locate  and  orient  the  controls  so  that  the  operator  is 

not  likely  to  strike  or  move  them  accidentally  in  the  normal  sequence 
of  control  movements. 

b.  Recess,  shield,  or  otherwise  surround  the  controls  by  physical 
barriers.  The  control  shall  be  entirely  contained  within  the  envelope 
described  by  the  recess  or  barrier. 

c.  Cover  or  guard  the  controls.  Safety  or  lock  wire  shall  not 
be  used. 

d.  Provide  the  controls  with  interlocks  sc  that  extra  movement 
(e.g.,  a  side  movement  out  of  a  detent  position  or  a  pull-to-engage 
clutch)  or  the  prior  operation  of  a  related  or  locking  control  is 
required. 

e.  Provide  the  controls  with  resistance  (i.e.,  viscous  or  coulomb 
friction,  spring-loading,  or  inertia)  so  that  definite  or  sustained 
effort  is  required  for  actuation. 

f.  Provide  the  controls  with  a  lock  to  prevent  the  control  from 
passing  through  a  position  without  delay  when  strict  sequential  acti¬ 
vation  is  necessary  (i.e.,  the  control  moved  only  to  the  next  position, 
then  delayed). 

g.  Oesign  the  controls  for  operation  by  rotary  action. 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


MFI  RECOMMENDED  MODIFICATION 


RATIONALE/REFERrNCES 


5. 4. 1.4  Coding 

5. 4. 1.4.1  Methods  and  Requirements  -  Use  original  material  from 
par.  5 . 4 . L. 4 .1 . 

5.4. 1.4. 2  Location  Coding  -  Controls  associated  with  similar 
functions  should  be  placed  in  the  same  relative  location  from 
operator  workstation  to  workstation  and/or  panel  to  panel. 

5.4. 1.4.3  Size  Coding  ~ Control  size  should  generally  not  be  used 
as  a  coding  dimension/  If  it  is  used  no  more  than  three  different 
sizes  should  be  considered.  Size  coding  shall  not  be  used  if  the 
extremes  are  incompatible  with  the  manipulation  requirements  of 
any  particular  control  (i.e.,  the  size  is  too  small  or  too  large 
for  efficient  manipulation  of  the  control  device). 

5 .k. 1.4.4  Shape  Coding  -  Primary  use  of  shape  coding  for  controls 
is  for  identification  of  control  knobs  or  handles  by  "feel". 
However,  shapes  shall  be  identifiable  both  visually  and  tactually. 
When  shape  coding  is  used,  the  coded  feature  shall  not  interfere 
with  the  ease  of  control  manipulation.  Shapes  shall  be  equally 
identifiable  regardless  of  the  position  of  the  control  knob  or 
handle,  i.e.,  if  the  knob  or  handle  is  rotated,  the  code  shall 
still  be  recognizeable  by  feel.  Shape  as  a  coding  parameter  shall 
be  used  only  after  considering  the  following: 

a.  Proposed  shapes  are  identifiable  when  gloves  are  worn. 

b.  There  are  a  sufficient  number  of  identifiable  shapes  to 
cover  the  expected  number  of  controls  that  require 
tactual  identification. 

c.  The  particular  control  knobs  or  handles  to  be  shape- 
coded  lend  themselves  to  positive,  non-reversable 
attachment,  i.e.,  when  a  replacement  is  required,  it 
is-  impossible  to  attach  the  new  knob  in  an  orientation 
that  may  obscure  or  confuse  the  operator. 


Added  considerations  based  on 
professional  judgment. 


Ill 


TABLE  VIII.  ADVANTAGES  AND  DISADVANTAGES  OF  VARIOUS  TYPES  OF  CODING 


M FI  RECOMMENDED  MODIFICATION 


rationale/references 


5. 4. 1.7  Prevention  of  Accidental  Activation  -  fuse  original 
material  from  par.  5. 4. 1.8 HEErougK  3757T7F7J.]  L  8 


5. 4.1. 7.1 
3.4 .1 .8.4  wl 


Methods  -  (Use  all  original  materials  in  paragraph 
lth  the  exception  of  (f).  Modify  (f)  as  follows':] 


(f)  Provide  the  control  with  a  mechanical  or  time  lock 
system  to  prevent  the  control  from  passing  through  a 
Pos?-c^OR . without  a  'delay'  ,  whenever  strict  sequential 
positioning  of  the  control  is  absolutely  necessary  (i.e. 
the  control  can  only  move  to  a  "next  position”  after  a 
delay) . 


5.4.1 .8  Dead  Man  Controls  -  ^Use  original  material 
5. 4. 1.8. 5. | 


from  par. 


Add: 


5. 4.1. 9  Compatibility  with  Handware  -  [Use  original  material 
from  5.4. 1.6.1 


J 


ORIGINAL  REQUIREMENT 


5.4.2 


MFI  COMMENTS 


Rotary  Controls 


5.4.2. 1  Discrete  Rotary  Controls  - 

5 . 4 . 2 . 1 . 1  Selector  Rotary  Switches  - 


5. 4. 2. 1.1.1  Application  -  Rotary  selector  switches  sho  Id  be  used  for 
discrete  function  when  three  or  more  detented  positions  are  required. 
Rotary  selector  switches  should  not  be  used  for  a  two-position  function 
unless  ready  visual  identification  of  control  position  is  of  primary 
importance  and  speed  of  control  operation  is  not  critical. 

5. 4. 2. 1.1. 2  Moving  Pointer  -  Rotary  selector  switches  should  be  designed- 
with  a  moving  pointei  and  a  fixed  scale. 

5. 4. 2. 1.1. 3  Shape  -  Moving  pointer  knobs  shall  be  bar  shaped,  with  par¬ 
allel  sides,  and  the  index  end  shall  be  tapered  to  a  point.  Exceptions 
may  be  justified  when  pointer  knobs  are  shape-coded  when  space  is  re¬ 
stricted  and  torque  is  light.  Shape-coding  shall  be  used  when  a  group 
of  rotary  controls,  used  for  widely  different  functions,  are  placed  on 
the  same  panel  and  control  confusion  might  otherwise  result. 

5. 4. 2. 1.1. 4  Posi tions  -  A  rotary  selector  switch  which  is  not  visible 
to  the  operator  during  normal  system  operation  shall  have  no  more  than 
12  positions  and  rotary  selector  switches  that  are  constantly  visible 
to  the  operator  shall  have  not  more  than  24  positions.  In  addition, 
the  following  criteria  shall  apply: 

a.  Where  possible,  rotary  switch  positions  shall  not  be  placed 
directly  opposite  each  other,  in  order  to  reduce  confusion  as  to  which 
end  of  the  knob  is  the  pointer 

b.  Stops  shall  be  provided  at  the  beginning  and  end  of  the  range 
of  control  positions  if  the  switch  is  not  required  to  be  operated  beyond 
the  end  positions  or  specified  limits. 

c.  The  switch  resistance  shall  be  elastic,  building  up,  then 
decreasing  as  each  position  is  approached,  so  that  the  control  snaps 
into  position  without  stopping  between  Adjacent  positions. 


A  slight  rewording  is  required 
ince  the  justification  (last 
sentence)  is  weak  and  probably 
indefensible . 

The  remaining  subparagraphs  need 
amplification  and  in  some  instances 
requirements  modified  to  make  them 
more  broadly  applicable  and/or 
justifiable. 

Fig  A  cteates  apparent  conflicts 
with  other  specs  and  in  addition 
does  not  assist  reader  relative  to 
visualizing  criteria  (in  table) 
appl ica  tion . 


i 


5. 4. 2. 1.1. 5  Contrast  -  A  reference  line  shall  be  provided  on  rotary 
switch  controls.  This  line  shall  have  at  least  50  percent  contrast 
with  the  control  color  under  all  lighting  conditions. 

5. 4. 2. 1.1. 6  Parallax  -  The  knob  pointer  shall  be  mounted  sufficiently 
close  to  its  scale  to  minimize  parallax  between  the  pointer  and  the 
scale  markings.  When  viewed  from  the  normal  operator's  position,  the 
parallax  error  shall  not  exceed  25*  of  the  distance  between  scale 
markings . 

5. 4 . 2 . 1 . 1 . 7  Dimensions,  Resistance,  Displacement,  and  Separation  - 
Control  dimensions,  resistance,  displacement,  and  separation  between 
adjacent  edges  of  areas  swept  by  rotary  selector  switches  should  con 


DIMENSIONS 


resistance 


L 

W 

ri 

Length 

Width 

Depth 

Minimum 

1.0"  (25mm) 

0.625"  (IGintn) 

1.0  in..|b(1  ]3mN-m) 

Moximum 

4.0"  (lOQmml 

1.0"  (25tnm) 

3.0"  (75mm) 

6.0  in.  lb  (678mN-m) 

DISPLACEMENT 

SEPARATION 

\ 

One«Hond 

Two*Hond 

* 

*  «r 

Rondom 

Operation 

Minimum 

15  deg 

30  deg 

1.0”  (25mm) 

3.0”  (75mm) 

Maximum 

40  deg 

90  deg 

• 

Preferred 

• 

2.0”  (50mm) 

5.0"  (125mm) 

-  —  - 

- 

•For  facilitating  parformance 

•'When  special  engineering  requirements  demand  large  separation. 


Figure  3.  ROTARY  SELECTOR  SWITCH 


MFI  RECOMMENDED  MODIFICATION 

5.4.2  Rotary  Controls 

5.4.2. 1  Discrete  Rotary  Controls 


RATiIONALE/REFERENCES 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipment 
Designers,  19^6,  Ch.  2. 


5 . 4 . 2 . 1 . 1  Rotary  Selector  Switches 


5. 4. 2. 1.1.1  Application  -  Rotary  selector  switches  may  be  used 
when  an  operator  needs  to  select  from  among  a  number  of  generally 
related  functions  and/or  values  for  a  specific  function.  A  two- 
position  rotary  selector  switch  ordinarily  should  not  be  used  i-f 
very  rapid  two-position  or  function  selection  is  necessary,  i.e., 
there  are  other  more  appropriate  control  configurations  for  rapid 
operation  of  either-or  selector  operations. 


"Should"  to  "may".  There  are  other 
ways  to  "select". 


5. 4. 2. 1.1.2  Positive  Detents  -  Rotary  selector  switches  shall 
have  mechanical  detents  so  that  the  switch  knob  cannot  be  posi¬ 
tioned  in-between  nominal  switch  positions. 


5. 4. 2. 1.1. 3  Number  of  Switch  Positions  -  No  more  than  24  switch 
positions  should  ever  beused,'  and  a  maximum  of  12  is  preferable. 
If  the  application  involves  use  of  the  switch  without  benefit  of 
visual  reference,  no  more  than  5  positions  should  be  used,  and 
these  should  be  located  in  the  upper  half  of  the  switch  circum¬ 
ference  (positions  being  approximately  30-degrees  apart):.  Unless 
the  switching  mode  specifically  involves  multi-rotation,  "stops" 
shall  be  provided  at  the  beginning  and  end  of  the  range  of  control 
positions.  Recommended  switch-setting  parameters  are  provided 
in  Table 


If  operator  reaches  blindly  for  bar 
knob  and  needs  to  know  what  position 
it  is  on,  12  or  24  positions  are 
too  many... 


5. 4. 2. 1.1. 4  Torque  for  Actuation  -  Rotary  switch  torque  require¬ 
ments  shall  be  compatible  “with  the  3ize  of  control  knob  associated 
with  it,  i.e.,  miniaturized  switches  with  knob  diameters  of  1.0 
inch  or  less  (2.54  cm)  Should  not  require  a  torque  greater  than 
2.0  in.  lbs.  (226  mN  m)  to  rotate  the  knob.  Mediumysized  knobs 
I  (e.g.,  1-2  inch  (2.54-5*1  cm  diam.)  should  not  require  torque 
greater  than  6.0  in  lbs.  (678  mN  m) .  And  larger  knobs’  (e.g., 
diameters  3  inches  (7.6  cm)  or  greater)  should  not  require  torque 
greater  than  10.0  in.,  lbs.  (1.13  Nm). 


The  torque  requirements  are  placed 
here  instead  of  in  the  "new  table". 

The  torque  requirements  are  broken 
into  three  levels  and  made  "should", 
to  keep  from  creating  unnecessary 
conflicts.  (Note:  Most  valuer  are  ^ 
from  original.  However  some  are 
from  AFSC  DH  1-3  or  extrapolations  / 
therefrom. 
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_ MFI  RECOMMENDED  MODIFICATION _ RATIONALE/REFERENCES _ 

5.4. 2. 1.1.5  Knob  Shape  -  Bar-  or  bar/pointer-shaped  knobs  shall  Ref:  Woodson  and  Conover,  Human 

with  rotary ” selector  switches  so  that  an  operator  can  tell  Engineering  Guide  for  Equipment 

w'nj.ch  way  the  knob  is  pointing,  and  can  quickly  differentiate  a  Designers,  1966,  p.  2-106. 

selector  function  from  a  continuously-adjustable  control  function  - 

(see  par.  5. 4. 2. 2).  A  white  reference  line  shall  be  inscribed  on 
the  face  of  the  knob,  the  line  running  from  approximately  the 
mid  point  of  the  knob  to  the  pointing  edge.  The  pointing  end.  of 
the  knob  should  also  be  tapered  so  that  the  pointing  end  i*s  easilv 
differentiated  from  the  non-pointing  end,  and  also  so'  that  the 
reference  mark  can  be  "followed"  (visually)  to  a  point  adjacent 
to  a  reference  mark  or  numeral  on  the  interfacing  panel.  Contrast 
between  the  reference  mark  and  its  knob  background  shall  be  at 
least  50  percent. 

5.4.2. 1.1.6  -Blind  Positioning  -  When  an  application  requires  the  This  is  to  clarify  a  conflict  with 

operator  to  judge  pointer  position  without  benefit  of  visual  ref-  the  "parallel  side"  criteria  we 

erence,  the  sides  of  the  knob  (except  for  the  tapered  end)  shall  have. 

be  parallel.  If  additional  shape  coding  is  required,  the  code 
shall  be  applied  as  an  extra  cap,  i.e. ,  the  shape  code  shall  not 
interfere  with  the  general  shape  objectives  noted  above. 

5 . 4 . 2 . 1 .1.7-'  Dimensions,  Displacement  and  Separation  -  Knob 
dimensions,  switch  displacement  and  control  separation  shall 
conform  to  criteria  in  Table _ and  Figure _ . 

5. 4. 2. 1.1. 8  Knob  Mounting  -  Rotary  selector  knobs  shall  be 
mounted  so  tha"  the  reference  mark  is  sufficiently  close  to  the 
reference  panel  markings-  so  that  vilual  parallax  is  minimized. 

When  viewed  from  the  normal  operator's  position,  the  parallax 
error  shall  not  exceed  25  percent  of  the  distance  between  scale 
markings.  Rotary  selector  knob  attachment  shall  preclude  the 
possibility  of  the  knob  slipping  on  the  shaft,  and/or  the  knob 
being  replaced  with  the  point-ing  end  opposite  from  its  correct 
position, 

5.4.2. 1.1.9  Open-Window,  Skirted  Knobs  —  Special  knob  designs  This  is  new  —  required  to  cover  a 

consisting  of  a*  bar-type  knob  and openrwindow  skirt  m&y  be  used  device  currently  infuse. 

for  applications  in  which  visual  confusion  may  be  reduced  by 
exposing  only  one  number  of  a  scale  at  a  time  (see  Table.  ). 


11" 


i 
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Table  _ _  -  Rotary  Selector  Controls  (Continued) 


|  APPLICATION  CRITERIA 

DESIGN  OtlURIA 

1  DIMENSIONS 

dishaccnen*  1  srPASAtw. 

; 

/jav-  J 

(m)  7  r> 

-  -  Mb 

i 

!  ACCEPTABLE  ALTER MAT  lv£  TO  A  ABOVE 

WrtCN  ONLY  CROSS  5EITINS  i$  REQUIRED 
(. MAJOR  NUMBERED  P05m«$> 

j 

L  r  min  1” 

CM) 

0»hER- SAME 

AS  A 

SEE  ABOVE 

1 

1 

1 

j 

! 

j  SEE  ABOVE 

srt  ABOVr  SEE  ABOVE 

i 

i 

1 

1 

1 

nominal  separation  between  moving- 
scale  knobs  requires  only  that  there 
is  adequate  physical  separation  be¬ 
tween  the  knob  skirts  to  Drevent  knob 
movement  interference  when  the  zero 
cr  referencing  index  is  at  the 
12  o'clock  position. 


Separation  between  moving-scale  knobs 
that  have  the  referencing  index  at 
the  3  or  9  o'clock  position  should  be 
sufficient  to  insure  that  there  is 
not  visual  confusion  regarding  which 
knob  the  index  mark  refers  to.  Mini¬ 
mum  should  be  about  twice  the  nominal 
character  width. 


Separation  between  moving-pointer/ 
fixed-scale  configurations  should  be 
based  on  clear  visual  separation  of 
adjacent  scale  characters.  The  min¬ 
imum  should  be  at  least  four  charac¬ 
ter  widths.  However,  if  the  knob 
length  extends  the  full  width  of  the 
skirt  and  the  handle  is  not  tapered 
at  the  pointing  end,  there  should 
be  at  least  a  1.0-inch  (2.54  cm) 
separation  between  knobs  when  they 
are  end-to-end. 


Separation  between  small,  detented 
knob  configurations  as  shown  should 
be  at  least  1.0-inch  (2:. 54  cm)  unless 
there  are  adjace'.t  panel  referencing 
marks  or  characters,  in  which  case 
separation  minimums  should  be  estab¬ 
lished  on  the  basis  of  (c)  above,  or 
the  1-inch  criteria,  whichever  is 
greater . 


-  Rotating  Knob  Separation 


ORIGINAL  REQUIREMENT 


5-4. 2. 1.2  Key  Operated  Switches  (KOS)  - 

5. 4. 2. 1.2.1  Apol ication  -  KOS's  are  used  to  prevent  unauthorised 
operation.  Ordinarily,  they  control  system  operation  by  go  no-go. 

5. 4. 2. 1.2. 2  Dimensions,  Displacement,  and  Resistance  -  Dimensions, 
displacement,  and  resistance  shall  conform  to  the  criteria  in  Figure  4 

5 . 4 . 2 . 1 . 2 . 3  Other  Requirements  - 

a.  Keys  with  a  single  row  of  teeth  should  be  inserted  into 
the  lock  with  the  teeth  pointing  up  or  forward. 

b.  If  keys  have  teeth  on  both  edges,  they  should  fit  the  lock 
with  either  side  up  or  forward. 

c.  Locks  should  be  oriented  so  the  key's  vertical  position  is 
the  OFF  position. 

d.  Operators  should  normally  not  be  able  to  remove  the  key  fro:.; 
the  lock  unless  the  switch  is  turned  OFF. 

e.  ON  and  OFF  positions  should  be  labeled. 


MFT  COMMENTS 


This  section  needs  expansion  to 
cover  other  kinds  of  key  operations 


DISPLACEMENT 

(A) 


HEIGHT 

(H) 


RESISTANCE 


MINIMUM 

o 

o 

CO 

0.5  m. 
U3nim) 

1  in.-lb 
(113mNm) 

MAXIMUM 

90° 

3.0  in. 
(75mm) 

6  in.-lb 
|678mN-m) 

MFI  RECOMMENDED  MODIFICATION 

RAT  I ONALE/REFERENCES 

5. 4. 2.1 

5. 4.2.1 
vehicle 
cabinet 

1 

.2  Keylocks  and  Keylock  Switches 

.2.1  Keylocks  -  Keylocks  used  solely  to  LOCK  and  UNLOCK 
doors  and  hatches,  architectural  doors,  and/or  equipment 
doors,  covers  and  drawers  shall  conform  to  the  following: 

Title  now  covers  non-electrical 
keylock  applications,  plus 
ignition  key  switches. 

a. 

Key  position  and  motion  relative  to  locking  and  unlocking 
shall  conform  to  criteria  in  Figure 

Reviewer  consensus  and  professional 
judgment. 

b. 

Key  dimensions,  separation  and  resistance  shall  conform 
to  criteria  in  Figure 

c . 

Reversible  key  designs  should  be  used,  i.e.,  it  is  pre¬ 
ferable  to  have  keys  that  will  operate  the  lock  with 
either  side  "up".  If  key  designs  are  used  that  have 
teeth  only  on  one  side,  the  lock  should  be  oriented  so 
that  the  "flat"  edge  of  the  key  will  be  on  the  bottom 
to  enter  a  vertical  (lock)  slot;  to  the  right  to  enter 
a  horizontal  (lock)  slot. 

Ref:  KIL-HDBK  759,  p.  57. 

d. 

Lock  systems  used  for  vehicle  exterior  doors  shall  be 
designed  so  that  the  operator  cannot  inadvertently  lock 
himself/herself  out  of  the  vehicle. 

- 

e. 

Keylocks  exposed  to  external  weather  conditions  shall 
be  weatherproof,  i.e.,  they  shall  not  become  inoperable 
due  to  dirt  accumulation  or  freeze  due  to  moisture 
collection  and  freezing  temperatures. 

f. 

When  several  keylock  systems  are  required  on  the  same 
vehicle  or  equipment }  and  all  locks  must  be  accessible 
to  the  operator,  a  single  key  and;  identical  locks  shall 
be  used.  On  the  other  hand,  when  access  to  certain  clo- 

sures  should  be  limited  to  people  other  than  the  operator], 
different  key/lock  assemblies  shall  be  used,  i.e.,  the, 
operator's  key  will  not  unlock  these  special  locks. 

5*4.2. 1.2. 2  Keylock  Switches  -  Keylock  switches  used  not  only  to 
provide  security  (i.e.,  by  removing  the  kf  y) ,  but  also  to  provide 
ON-OFF  or  ignition  functions  shall  conform  to  the  following: 
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LEFT  <IC£  ilCHT  i'.OS 

VEHICLE  DOORS 


DRAWERS 


Figure 


Keylock  Mounting  Criteria 


ft  -J 


JTWU 


OTHER  HANDLE  SHAPE  EXAMPLES;  TOTAL  SURFACE 
AREA  SHOULD  APPROXIMATE  THAT  OF  OVAL  SHAPE. 


i  , - -  ( 

i  , 


HANDLE  EDGE  SEPARATION 
WHEN  KEYS  AS  SHOWN. 


A 

B 

C 

S -So pa rat  ion 

Torque  to 
Actuate 

** 

Minimum 

0.875” 

0.625" 

0.875" 

1.0" 

1-in . 

lb. 

.11 

(2.2  cm; 

(1.6  cm) 

(2.2  cm) 

(2.54  cm) 

(0.1  N-m) 

Maximum 

*1.50” 

*1.50" 

— 

1.0" 

6-in . 

lb. 

.68 

(3.8  cm) 

(3.8  cm) 

(2.54  cm) 

(0.7  N-m) 

*  Practical  for  carrying  key  in  pocket. 
**  When  locks  are  new. 


F igure 


-  Keylock  Criteria 


1* 


MFI  RECOMMENDED  MODIFICATION  RATIONALE/REFERENCES 

a.  Key  position  and  motion  relative  to  locking,  unlocking, 

ignition,  etc.  shall  conform  to  criteria  in  Figure _ . 

b.  Key  dimensions,  separation  and  resistance  shall  conform 
to  criteria  5. 4.2. 1.2.1  -  b. 

c.  Key  designs  shall  conform  to  criteria  in  5. 4. 2. 1.2.1  -  c. 

d.  Keylock  switches  that  will  be  used  out  of  doors,  shall  be 
weatherproofed  to  prevent  failures  due  to  dirt  and 
freezing.. 

e.  An  auditory  signal  shall  be  provided  for  vehicle  igni¬ 
tion  keylock  systems,  to  advise  the  operator  that  the 
key  has  been  "left"  in  the  ignition  lock  after  the 
engine  has  been  shut  off. 

5. 4. 2. 1.2. 3  Color  and  Shape  Coding  -  Color  and/or  shape-coding 
shall  be  considered  as  follows: 

a.  Color  may  be -used  when  it  is  desirable  to  aid  in  identi¬ 
fying  various  keys  by  function  or  use  location,  and  there 
generally  is  adequate  illumination  to  differentiate  the 
colors.  RED  should  be  reserved  for  "emergency"  func¬ 
tions  (FED-STD-595  #  11105  or  #  21105). 

b.  Shape  coding  may  be  used  when  it  is  desirrble  '■j  identify 
a  given  key  by  "feel".  When  shape  coding  is  used,  sharp 
corners  shall  be  avoided. 

c.  Size  coding  may  also  be  used  as  long  as  no  more  than  two 

sizes  are  employed.  The  dimensions  should  reflect  the 
approximate  differences  between  minimums  and  maximums 
shown  in  Figure _ . 

5.4.2.1.2'.4  Marking  and  Labeling  -  Keylock  switch  applications 
shall  include  appropriate  positional  markings  and  labels  (see 
5.5). 


PANEL-MOUNTED  SW1 TC11ES 


orr,  iqc>;( 

KEYR£.£A5£ 


)(J 


VEHICLE  IGNITION 


Switchlocks  should  generally  be  oriented  so  that 
the  pivotal  OFF  key  position  is  vertical  and/or 
forward  (e.g.-,  horizontal  panel). 

Key  displacement  between  functional  positions 
should  be  at  least  10°.  Mechanical  detents  should 
preclude  positioning  the  key  in-between  designated 
positions. 

When  only  two  functional  positions  occur  (i.e., 
ON-OFF),  displacement  between  the  two  positions 
shall  be  90°  (+  10°). 

Total  displacement  of  multi-position  keyswitches 
shall  not  exceed  L20u. 


Figu  r<- 


-  Keylotk  Switch  Criteria 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5 . 4 . 2 . 1 . 3  Thumbwheel  Controls  - 

5. 4. 2. 1.3.1  Application  -  Thumbwheel  controls  may  be  used  if  the  func¬ 
tion  requires  a  compact  digital  control-input  device  (for  a  series  cf 
numbers)  and  a  readout  of  these  manual  inputs  for  veri fication.  The 
use  of  thumbwheels  for  any  other  purposes  is  discouraged.  Thumbwheels 
may  ie  either  discrete  or  continuous  as  applicable.  Detent  indexing 
units  should  provide  10  positions  (0  -  9)  in  digital  or  binary  (3  or 
4  bits  and  complement)  outputs. 


Since  this  subsection  is  under 
selector  controls,  continuous 
thumbwheels  should  be  moved. 

The  illustration  (Fig  5)  should 
be  redrawn  -  the  "views"  do  not 
match.  We  also  disagree  with  some 
of  the  criteria  in  Che  table 
based  on  product  acceptance . 


5. 4. 2. 1.3. 2  Shape  -  Each  position  around  the  circumference  of  a  discrete 
thumbwheel  shall  have  a  slightly  concave  surface  or  shall  be  separated 

by  a  high-friction  area  which  is  raised  from  the  periphery  of  the  thumb¬ 
wheel.  Continuous  thumbwheels  shall  employ  high  friction  raised  areas 
to  facilitate  movement.  The  thumbwheels  shall  not  preclude  viewing  the 
digits  within  30  degrees  viewing  angle  to  the  left  and  right  of  a  per¬ 
pendicular  to  the  thumbwheel  digits. 

5. 4. 2. 1.3. 3  Coding  -  Thumbwheel  controls  may  be  coded  by  location,  label 
ing,  and  coloF~(e. g. ,  reversing  the  colors  of  the  least  significant  digit 
wheel  as  on  typical  odometers).  Where  used  as  input  devices,  thumbwheel 
switch  OFF  or  NORMAL  positions  should  be  color  coded  to  permit  a  visual 
check  that  the  digits  have  been  reset  to  their  normal  position. 

5. 4. 2. 1.3. 4  Direction  of  Movement  -  Direction  of  movement  shail  be 
compatible  with  the  criteria  set  forth  in  5..1.3.12. 


OR  IGINAL  REQUIREMENT  ME  I  COMMENTS 

5 . 4 . 2 . 1 . 3 . 5  Numera 1 s  - 

5. 4. 2.1 .3.5.1  Internal  Illuminance  -  For  areas  in  which  ambient  illumi¬ 
nation  will  provide  display  brightness  below  1  ft-L  (3.4  cd/m?),  the 
thumbwheel  shall  be  internally  illuminated.  Digits  shall  appear  as 
illuminated  characters  on  a  black  background,  and  their  dimensions  should 
approximate  the  following: 

a.  Height:  1/4  inch  (6.4  mm) 

b.  Height- to- Width  Ratio:  3:2  j 

:.  Height- to- Stroke  Width  Ratio:  10:1. 

5.4. 2. 1.3.5. 2  External  illuminance  -  In  areas  where  ambient  illumination 
will  provide  a  display  luminance  above  1  ft-L  (3.4  cd/m*),  internal 
illumination  is  not  required.  Digits  should  be  bold,  black  numerals 
engraved  on  a  light  (or  white)  thumbwheel  background.  The  dimensions 
should  approximate  those  specified  in  5. 4. 2. 1.3. 5.1  except  that  the 
height-to-stroke  width  ratio  should  be  approximately  5:1. 

• 

5. 4. 2. 1.3. 5  Visibility  -  Thumbwheel  design  shall  permit  viewing  of  in-  ! 

line  digital  read-out  rVcm  all  operator  positions.  : 

I 

5. 4. 2. 1.3. 7  Dimensions  -  Control  dimensions  shall  conform  to  the 
criteria  in  Figure  S'. 

5. 4. 2.1. 3. 8  Resistance  - 

5. 4. 2.1 .3.8.1  Discrete  (Petented)  Thumbwheel  Controls  -  Detents  shall 
be  provided  for  discrete  position  thumbwheels.  Resistance  shall  be 
elastic,  building  up  and  then  decreasing  as  each  detent  is  approached 

so  that  the  control  snaps  into  position  without  stopping  between  adja¬ 
cent  detents.  The  resistance  shall  be  within  the  limits  indicated  in 
figure  5. 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


j - 

5.4.2. 1 . 3.8.2  Continuous  Thumbwheel  Controls  -  Resistance  shall  be 
provided  so  that  definite  sustained  effort  is  required  for  actuation. 
The  resistance  incorporated  into  continuous  thumbwheel  controls  shall 
be  within  the  following  torque  limits: 

a.  Minimum:  Determined  by  jarring,  vibration,  or  other 
conditions;  no  practical  limit  is  set  by 
operator  performance. 

b.  Maximum:  6  inch-ounces  (42  pN-cs). 

5. 4. 2. 1.3. 9  Separation  -  Centre!  separation  shall  conform  to  the 
criteria  in  Figure  5.”  The  separation  between  adjacent  edges  of  thumb¬ 
wheel  controls  shall,  *'■  any  case,  be  sufficient  to  preclude  accidental 
activation  of  adjacent  controls  during  normal  setting. 


MFl  RECOMMENDED  MODIFICATION 


5.4.2. 1.3  Thumbwheel.  Selector  Swtiches 

5.4.2.L.3.1  Use  -  Mechanically-detented  thumbwheel  controls  may 
be  used  as  an  alternative  rotary  selector  device  when  the  applica¬ 
tion  will  benefit  from  the  compactness  of  such  devices,  and  approp 
riate  visual  and/or  audio  feedback  is  provided.  Examples  include; 
numeric  thumbwheel  readout  device,  discrete  audio  volume  or  panel 
illumination  level  selector,  etc. 


rationale/references 

Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Design , 

T9727~ppr  365-^4” 


5. 4. 2. 1.3. 2  Thumbwheel  Orientation  ana  Movement  -  Selector  thumb¬ 
wheels  shall  be  oriented  and  move  as  indicated  in  Figure _ . 


5. 4. 2. 1.3. 3  Rim  Tabs  and  Serrations  -  Raised  cabs  and/or  serrated 
sections  of  the  thumbwheel  rim  shall  be  provided  to  3id  the  op¬ 
erator  in  identifying  discrete  positions  and  movement  of  the  con¬ 
trol  . 


5 . 4 . 2 .  li.  3  •  4  Dimensions.  Separation  and  Torque  Requirements  - 
Control  dimensions,  separation  and  torque  requirements  shall  con¬ 
form  to  criteria  in  Figure _ .  Control  resistance  shaLl  be 

elastic,  building  up  and  then  decreas ing  as  each  detent  is 
approached  so  that  the  control  "snaps"  into  position  without 
stopping  between  adjacent  detents. 

5. 4. 2. 1.3. 5  Labeling  and  Visibility  -  Marking  and  labeling  of 
thumbwheel  controls  shall  conform  to  requirements  herein  with 
respect  to  visibility  of  markings  and  design,  of  numerals. 

5. 4. 2.1.3. 6  lllumination-{(Use  original  material  from  par. 

5. 4. 2.  L. 3. 5.1  (except  for  numeral  dimensions)  ] 

5.4.211.3.7  Color  Coding  -  Thumbwheel  controls  may  be  coded  by 
means  of  color  and/or  contact  (e.g.,  dark  vs  light  surfaces). 
Examples  are;  (a)  reversing  the  colors  of  the  least  significant 
digit  wheel  as  on  a  typical  odometer,  (b)  where  used  as  an  input 
device,  the  thumbwheel  switch  OFF  or  NORMAL  positions  may  be 
color  coded  to  permit  a  visual  check  that  the  digits  have  been 
reset  to  their  normal  value. 
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as  long  as  they  provide  positional 
identification  and  aid  manipulation. 
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MFI  COMMENTS 


5. 4. 2. 2  Continuous  Adjustment  Rotary  Controls  - 
5. 4. 2. 2.1  Knobs  - 


Locks  coverage  o 
issues . 


5. 4. 2. 2-1.1  Application  -  Knobs  should  be  used  when  little  force  is 
required,  and'whon  precise  adjustments  of  a  continuous  variable  are 
required.  A  moving  Knob  with  fixed  scale  is  preferred  over  a  rao.ing 
scale  with  fixed  index  for  cost  tasks,  if  positions  of  non- 
isultirevclution  controls  must  be  distinguished,  a  pointer  or  marker 
should  be  available  on  the  knob. 

5. 4. 2. 2. 1.2  Cirgr.siofis.  To.-cue  and  Separation  -  The  dimensions  of  knots 
Shall  be  within  the  TV*i ts  speciTmd  in  figure  o.  within  these  ranges, 
knob  sice  is  relatively  unimportant,  provided  tne  resistance  is  low  and 
the  knob  car.  be  easily  qrasned  and  manipulated.  When  panel  space  is 
extremely  limited,  knobs  should  apprerimate  the  niniiPam  values  and  should 
have  resistance  as  lew  as  poss*ble  without  permit ting  the  setting  to  be 
changed  by  vibration  or  merely  touching  the  control.  Resistance  and 
separation  between  adjacent  edges  of  knobs  shall  conform  to  Figure  6. 

5. 4. 2. 2.-1 .2  Kr.jb  Style  -  Unlets  otherwise  specified  by  the  procuring 
activity,  control  Knobs  snail  conform  to  IWL-ST0-134S. 


Fig  6  r.eeds  atnpl 


f  some  important 


if ieation. 


COR IG INAL) 


MFI  RECOMMENDED  MODIFICATION 


rationale/references 


5  . 4 . 2 . 2  Continuous  Adjustment,  Rotary  Controls 
5 . 4.2 . 2  ,1  Knobs 

5. 4. 2. 2. -1.1  Application  -  Knobs  should  be  used  when  little  force 
or  rapid,  multi-turn  'adjustment  is  required,  and  when  precise 
adjustment  of  a  continuous  variable  is  needed.  If  the  adjust¬ 
ment  requires  reference  to  a  scale,  it  is  preferred  that  the 
scale  be  placed  on  a  panel  and  that  an  index  line  be  inscribed  on 
the  pointer  (i.e.,  moving  pointer/f ixed-scale  format).  If  the 
range  of  knob  movement  involves  more  than  360  degrees  rotation, 
scales  shall  not  be  used. 

5. 4. -2. 2. 1.2  Dimensions,  Torque  Requirements,  and  Knob  Separation 
The  dimensions  of  knobs  shall  be  within  the  limits  specified  in 
Figure  6.  Within  these  ranges,  knob  size  is  relatively  unim¬ 
portant,  provided  torque  requirement  is  low  and  the  knob  can  be 
easily  grasped  and  manipulated.  When  panel  space  is  extremely 
limited,  knobs  should  approximate  the  minimum  dimensional  values 
and  torque  requirements,  but  torque  requirement  should  be  suf¬ 
ficient  to  minimize  inadvertent  control  movement  due  to  equipment 
vibration  or  accidental  touching  of  the  control  knob).  Torque 
required  for  actuation  and  the  separation  between  adjacent  edges 
of  knobs  shall  conform  to  Figure  6. 

5. 4. 2. 2. 1.3  Knob  Style  -  Unless  otherwise  specified  by  the 
procuring  activity,  control  knobs  shall  conform  to  general 
styles  shown  in  Figure  6. 


Ref:  Van  Cott.  Human  Engineering 
Guide  to  Equipment  Design, 

vmr  pT64-m: - 

Expanded  to  provide  broader 
application  coverage. 


5. 4. 2. 2. 1.4  Knob  Rims  -  All  rotary  adjustment  knobs  shall  have 
rims  with  suitable  surfaces  for  secure  grasp.  Very  small  knobs 
should  have  knurled  surfaces  to  provide  maximum  torquing  capa¬ 
bility.  Intermediate  and  larger  sizes  of  knobs  should  have 
serrated  rims,  except  that  knobs  used  where  high  torque  is  re¬ 
quired  should  have  rim  indentation  rather  than  serration  for 
firmer  grasp.  Larger  knobs  should  utilize  rim  indentation  to  aid 
gripping 'for  application  of  higher  torques. 


MFI  RECOMMENDED  MODIFICATION 

5. 4. 2. 2. 1.5  Special  Rotary  Handle-Knobs  -  Handle-like  rotary 
knobs  may  be  used  tor  special  applications  (e.g.,  motorcycle 
accelerator  control),  in  which  case,  dimensional  criteria  shown 
’  in  Figure  6  shall  be  observed. 


5. A. 2. 2. 1.6  Contact  Hazard  -  When  knobs  are  used  in  vehicles 
and  are  located  where  they  could  be  contacted  during  the  sudden 
deceleration  of  a  crash,  frontal  surface  area  should  be  large, 
and  all  edges  should  be  rounded  in  order  to  minimize  the  poten¬ 
tial  injuries  associated  with  small,  sharp  knob  designs. 


rationale/references 


MFI  RECOMMENDED  MODIFICATION 


5 . 4 . 2 . 2 . 1 i 7  Ganged  Control  Knobs 

5.4.2 .2. 1 .7.1  Application  -  Ganged  knob  assemblies  may  be  used 
in  limited  applications  when  panel  space  is  at  a  premium.  Two 
knob  assemblies  are  preferred,  although  three-knob  configurations 
are  permissible.  Ganged  knob  configurations  should  not  be  used 
under  the  following  conditions: 


rationale/references 


Ref:  Woodson  and  Conover,  Human 
Engineering  Guide  for  Equip 
Designers ,1^6^  p.  2-104. 


a.  Extremely  accurate  or  rapid  operations  are  required. 

b.  Frequent  changes  are  necessary, 

c.  Gloves  have  to  be  worn. 

d.  Equipment  is  exposed  to  the  weather  or  used  under  rough 
field  conditions. 

5. 4. 2. 2. 1.7. 2  Dimensions,  Separation  Between  Assemblies  -  Knob 
dimensions  and  separation  shall  conform  to  requirements  in 
Table 


5 .4.2 . 2. 1 .7 .3  Torque  Requirement  -  Torque  requirements  shall  con¬ 
form  to  the  criteria  in  Figure  6.  Knobs  should  be  serrated;  fine 
serrations  should  be  used  on  the  knob  used  to  make  fine  adjust¬ 
ment,  gross  serrations  for  the  knob  used  to  make  less  fine 
adjustments . 


5.4.2 .2 . 1 . 7 .4  Marking  -  An  indexing  mark  or  pointer  shall  be 
provided  on  each  knob  in  an  assembly.  Marks  or  pointers  should 
differ  sufficiently  to  make  it  apparent  which  knob  indexing  mark 
is  being  observed. 

5. 4. 2. 2. 1 .7.5  Knob/Display  Relationship  -  When  each  knob  of  a 

ganged  assembly  must  be  related  to  an  array  of  visual  displays, 
the  upper  knob  should  relate  to  the  right-most  display  in  a  hori¬ 
zontal  array,  or  the  uppermost  display  in  a  vertical  array  (see 
Table _ '  ) . 


5 .4 . 2 . 2 . 1 . 7 . 6  Inadvertent  Operation  -  When  it  is  critical  to 
prevent  inadvertent  activation  of  one  knob  as  the  other  is  being 
adjusted,  a  secondary  control  movement  shall  be  required  (viz; 


Table 


-  Ganged,  Rotary  Controls 


MFI  RECOMMENDED  MODIFICATION 


pressing  the  top  knob  before  it  car.  be  engaged  with  its  control 
shaft).  Where  inadvertent  movement  is  undesirable  but  not  neces¬ 
sarily  critical,  optimize  knob  diameter/depth  relationships  as 

shown  in  Table _ .  Contrasting  colors  between  knobs  may  also 

be  used  to  improve  individual  knob  identification. 


MFI  RECOMMENDED  MOD! FI 


CATION 


5 . 4 . 2 . 2 . 1 . 8  Continuous  Adjustment  Thumbwheel  Controls 

5.4. 2 .2 .1.8 . 1  Use  -  Continuously  adjustable  thumbwheel  controls 
may  be  used  as  an  alternate  to  rotary  knobs  when  the  application 
will  benefit  from  the  compactness  of  the  thumbwheel  devic-;. 

5. 4. 2. 2. 1.8. 2  Orientation  and  Movement  -  Thumbwheels  shall  be 
oriented  and  move  in  tne  directions  specified  in  Figure 


rationale/referen 

Moved  from  "Rotary  Control" 
section. 


5 -4- 2.2. 1.8.3  Thumbwheel  Serrations  -  The  rim  of  the  thumbwheel 
shall  be  serratea  to  aid  the  operator  in  manipulating  the  control. 


5;4-,2-i2- ^-8.4  Dimensions,  Separation  and  Torque  Requirements  - 
Thumbwheel  dimensions ,  separation  and  toroue  requirement's  shall 
conform  to  criteria  in  Figure^ _ . 


5. 4. 2. 2. 1.8. 5  Labeling  and  Visibility  -  Marking  and  labeling  of 
con tinuously-adj us  table  thumbwheel  controls  shall  conform  to 
requirements  herein  with  respect  to  visibility  or  markings  and 
legibility  of  label  alphanumerics . 


o 
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MFI  COMMENTS 


5. 4. 2. 2. 2  Cranks  - 

5.4. 2.2. 2.1  Application  -  Cranks  should  be  used  primarily  for  tasks 
requiring  many  rotations  of  a  control,  particularly  where  high  rates  or 
’arge  forces  are  involved.  For  tasks  involving  large  slewing  movements, 
plus  small,  fine  adjustments,  a  crank  handle  may  be  mounted  on  a  knob  or 

handwheel  --  the  crank  for  slewing  and  the  knob  or  handwheel  for  fine 
adjustments..  Where  cranks  are  used  for  tuning  o-  nther  processes  involv¬ 
ing  numerical  selection,  each  rotation  should  coi.espond  to  a  multiple 
of  1 ,  10,  100,  etc. 

5. 4. 2. 2. 2. 2  Grip  Handle  -  The  crank  grip  handle  shall  be  designed  so 
that  it  turns  freely  around  its  shaft. 

5. 4. 2. 2. 2. 3  Dimensions,  Resistance  and  Separation  -  Dimensions,  resist¬ 
ance  and  separation  between  adjacent  swept  circular  areas  of  cranks  shall 
conform  to  the  criteria  of  Figure  7. 


Needs  paragraph  re;  use  of  a 
folding  handle  type  of  crank. 

Fig.  7  should  have  added  illus¬ 
trations  to  provide  credibility 
with  respect  to  different  types 
of  common  cranks. 


MOD  I F I  CATI  ON 


5.4.2. 2. 2  Cranks 


Iddilhi iiiloUinsf f  5-4:'2'2-2'3  ^Se  <•***“*  WWrUl  -  but 

^ •  ,41* Folding  Handle  -  When  it  appears  that  a  crank  handle 
could  become  a  hazard  to  persons  passing  a  control  panel,  or  it  is 
critical  that^  the  handle  not  be  inadvertently  displaced  by  being 

Suc\dfl"roHy  iDUmueri  t  f°ld}n8  handle  type  control  should  be  used. 

a  £  £ro1  ?ha11  De  designed  so  that  the  handle  is  spring¬ 
ing' fL  ,ke!P  Vt  extended  in  the  "cranking"  position  when  in  use 
and  folded  when  not  m  use.  or.  m  use 


rationale/references 


Original  paragraphs  remain  as 
they  are.  This  j:s  merely  an 
addition  to  recognize  a  commonly- 
used  component  not  covered 
originally . 


Note:  On  new  Fig.  a  minimum  handle 
length  for  folding  handle  depends 
on  practical  considerations. 


I 


BASIC  DIMENSIONS 


k  .-T 

i 


*  P<I  mtnvU  ftqttircd  of  per>*nnrl 


FIGURE _ cranks 
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5.4. 2.2.3  Handwheels  - 

5. 4. 2. 2. 3.1  Appl ication  -  Handwheels ,  which  are  designed  for  two-hand 
operap'on,  should  be”used  when  the  breakout  or  rotation  forces  are  too 
large  to  be  overcome  with  a  one-hand  control,  provided  that  two  hands 
will  be  available  for  this  task. 

5. 4. 2. 2. 3. 2  Knurling  -  Kr.jriing  or  indentation  shall  be  built  into  a 
handwheel  to  facilitate  operator  grasp. 

5. 4. 2. 2. 3. 3  Spinner  Handle  -  When  iarge  displacements  must  be  rapidly 
made,  a  so  inner  handle  may  be*  attached  to  the  handwheel  when  not  pre¬ 
cluded-  by  safety  considerations. 

5. 4. 2.2. 3. 4  Direction  of  Movement  -  Except  for  valves  (see  5. 4. I. 2. 4), 
handwheels  shall  rotate  clockwise  for  ON  or  INCREASE  and  counterclock¬ 
wise  for  OFF  and  DECREASE.  The  direction  of  motion  shill  be  indicated 
on  the  handwheel,  or  imcediatelj  adjacent  thereto,  by  means  of  arrow 
and  appropriate  legends. 

5 . 4 . 2 . 2. 3 . 5  Dimensions,  Resistance .  Displacement  and  Separation  - 
Control  d i mens’ ons ,  resistance,  displacement  and  separation  between 
edges  of  adjacent  nandwr.ee! s  shali  conform  to  the  criteria  in  Figure  9. 


MR  COMMENTS 


Needs  to  cover  wider  range  of 
applications,  which  also  require 
individual  illustration  and 
design  information. 


i 


i 

i 


Fi«ur*S.  HANDWHEELS 


5. 4. 2. 2. 3 


MFI  RECOMMENDED  MODIFICATION 
Handwheels  (Two-Hand-Operated) 


rationale/references 


5.4.2.2.3..T  Application  -  Handwheels,  which  are  designed  for 
nominal  two-hand  operation,  should  be  used  when  the  breakout  or 
rotation  forces  are  too  high  to  be  easily  overcome  with  a  one- 
handed  control,  provided  that  two  hands  are  available  for  this 
task.  Typical  applications  to  be  considered  are  steering,  hatch 
securing,  valve  opening/closing  and  direct-linkage  adjustment  and 
hatch  locking  handwheels. 


5. 4. 2. 2. 3. 2  Direction  of  Movement  -  Handwheel  direction-of- 
movement  shall  comply  with  requirements  in  5.4. 1.2.  For  all 
handwheels  in  which  the  direction  of  motion  relationship  is 
not  directly  apparent  (expectation),  direction-of-motioh  shall 
be  indicated  directly  on  the  wheel  rim  and/or  immediately  adja¬ 
cent  thereto  on  a  panel  or  structural  surface,  utilizing  appro¬ 
priate  labeling  and/or  directional  arrows. 


5 . 4 . 2 . 2 . 3 . 3  Dimensions.  Torque  Requirements t  Displacement  and 
Separation  -  Control  dimensions,  torque  requirements,  displacement 
and  separation  between  adjacent  handwheels  shall  conform  to 
criteria  in  Table 


Ref:  Van  Cott,  Human  Engineering 
Guide  to  Equipment  Des ign , 

1'9727  'Ch.  8 - 


5. 4. 2. 2. 3. 4  Position  -  Handwheels  (including  steering  wheels) 
shall  be  selected  in  terms  of  size  and  expected  usage  Co  pro¬ 
vide  operator-use  convenience  based  upon  whether  the  operator 
is  seated  or  sti  -ding  to  operate  the  wheel.  For  seated5  opera¬ 
tion,  the  wheel  should  normally  be  centered  on  the  operator's 
centerline  and  sloped  so  that  both  of  the  operator's  arms  and 
hands  have  approximately  equal  access  to  the  wheel.  In 
addition,  wheels  operated  from  the  seated  position  should  be 
sized  and  positioned  for  convenient  ingress/egress,  as  well 
as  over-the^wheel  viewing  where  applicable. 


5. 4. 2. 2. 3. 5  Spinner  Handles  -  For  applications  where  the  wheel 
may  be  rotated  rapidly  through  several  revolutions  (e.g.,,  slew¬ 
ing),  a  spinner  handle  may  be  added  for  added  convenience.  Such 
handles  shall  not  be  used  however,  if  the  projecting  handle  is 
vulnerable  to  inadvertent  displacement  ^f  a  critical  wheel  setting 
or  is  a  safety  hazard. 
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140 


5. 4. 2. 2. 3. 6  Turning  Aids  -  Knurling,  indentation,  and/or  high- 
friction  cover  may  Be  built  into  the  handwheel  to  facilitate 
operator  grasp,  i.e.,  in  order  to  apply  maximum  torque  and/or 
to  reduce  the  possibility  of  the  wheel  from  being  jerked  out 

of  the  operator's  hands. 

5. 4. 2. 2. 3. 7  Wheel  Hub  Delethalization  -  Steering  wheel  hubs 
shall  be  recessed  and  provided  with 'a  broad  pad  to  minimize  the 
possibility  of  driver  impalement  during  a  crash.  Consideration 
shall  also  be  given  to  use  of  a  collapsible  steering  column  for 
rapidly-moving  vehicles.  Such  steering  wheels  shall  be  struc¬ 
turally  resistant  to  major  rim/spoke  distortion  considering  the 
loads  that  could  be  created  by  the  driver's  body  being  thrust 
into  the  wheel  during  a  crash. 

5. 4. 2. 2. 3. 8  Wheel  Shape  -  Except  for  the  special  cases  of 
established  uses  In  submarines  and  aircraft  all  handwheels  should 
be  round. 

5. 4. 2. 2. 3. 9  Power  Steering  Failure  -  Steering  systems  shall  be 
designed  with  sufficient  mechanical  advantage  to  meet  the  force 

requirements  of  Table _ even  though  the  primary  operating 

mode  utilizes  power-assist,  i.e.,  the  operator  shall  be  ."Me  to 
steer  the  vehicle  to  a  safe  stop  in  the  event  of  power  failure. 

5.4.2.2.3.10  Steering  Wheel  Lock  -  Vehicles  designed  to  operate 
on  Continental  tfrS.  roads  shall  meet  Federal  requirements  for 
locking  the  steering  column  with  removal  of  the  ignition  key. 

5.4.2.2.3.11  Steering  Ratio  -  Steering  systems  should  be  designed 
so  that  the  maximum  turning  limits  of  the  vehicle  can  be  acquired 

| by  no  more  than  3k  to  4  turns  of  the  steering  wheel. 


MFI  Study  (MFI  73-105,  1972) 
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Table 


-  Two-Hand-Operated  Handwheels 


APPLICATION  CP  I  TEA  I A 


CONTINUOUS  AOJUSTMCNT  POP  ALTERNATE 
SLCW INC /PRECISE  POSITIONING,  USING 
OISPLAr  REFERENCE.  FORCE  REQUIRE¬ 
MENT  AT  THE  RIM  SHOULD  a£  BELOW 
15  LB  (III  N). 


DIMENSIONS 


RIM  0 I AM  = 

o.;$- 

0.9 

CM) 

TO  1 

?5" 

(5.1 

CM) 

SEPARATION 


MINIMUM  HAND 
CLEARANCE 
AROUND  RIM  £ 
3.0" 

(7.5  CM) 


SEE  CONTROL/DISPLAT  ?».0"  (71.1  CM) 

ratios  s.i.c  Elbow. elbow 

CLEARANCE 


DIAM  :  f 

FOR  <  5  LB 
TO 

JO"  FOR 
50  L» 


HIGH  TORQUE  ^  VALVE  $ 
l.H  N-m  OF  T0RQUE/1J.B  niwi  OF 
MANOLE  DIAMETER  (10  IN./LO  OF 
TORQUE/IHCM  OF  MANOLE  DIAMETER) 


Table 


-  Two-Hand-Operated  Handwheels  (Continued) 


APPLICATION  CRITERIA 

VEHICLE  STEERING  'AUTOMOTIVE}.  MAX 
FORCE  REQUIRED  WITH  POWER  STEER  INC 
-  ?5  LBS  fill  Ml 


DIMENSIONS 


OESICM  CRITERIA 


SEPARATION 


5.4.3  Linear  Controls  - 

5.4.3. 1  Discrete  Linear  Controls  - 

5 . 4 . 3 . 1 . 1  Push  Buttons  (Finger  or  Hand  Operated)  - 

5. 4. 3. 1.1.1  Appi ica tion  -  Push  buttons  should  be  used  when  a  control 
or  an  array  of  controls  is  needed  for  momentary  contact  or  for  activat¬ 
ing  a  locking  circuit,  particularly  in  high-frequency-of-use  situations. 

5;4.3.i.l.2  Shape  -  The  push  button  surface  should  normally  be  concave 
(indented,!  to  fit  the  finger.  When  this  is  impractical,  the  surface 
shall  provide  a  high  degree  of  frictional  resistance  to  prevent  slipping, 

5. 4.3. 1.1. 3  Positive  Indication  -  A  positive  indication  of  control 
activation  shall  be  provided  { e . g . ,  snao  feel,  audible  click,  or  inte¬ 
gral  light). 

5.4. 3.1 .1 .4  Channel  or  Cover  Guard  -  A  channel  or  cover  guard  shall 
be  provided  when  it  is  imperative  to  prevent  accidental  activation  of 
the  control . 

5.4 . 3. 1 . } .  5  Dimensions.  Resistance,  Disdacerc  o  t ,  j  nd  Separ  a  tion  - 
Except  for  use  of  push  buttons  in  keyboards,  control  dimensions,  resis¬ 
tance,  displacement,  and  separation  between  adjacent  edges  of  finger  or 
hand-operated  pushbuttons  shall  conform  to  the  criteria  in  Figure  9. 

5. 4.3. 1.1. 6  Interlocks  or  Barriers  -  Properly  designed  mechanical  inter¬ 
locks  or  carriers  may  be  used  instead  of  the  spacing  required  by 
Figure  9. 


Section  on  push  buttons  should 
be  combined  with  one  on  legend 
switches  since  the  designer  thinks 
of  both  as  push  buttons. 

Between  the  few  requirements  and 
illustrations,  many  other  push 
button  applications  are  ignored 
by  absence  of  discussion  and/or 
illustration. 

The  scope  needs  to  be  expanded 
to  reflect  the  variety  of  components 
now  available,  some  of  which  are 
found  in  other  MIL  specs. 


DIMENSIONS 

RESISTANCE 

displacement 

Oiomtter 

0 

Fingertip  !  Thumb  or  Heel 

Operation  (of  Hond  Operation 

Fingeti.p  j  J.iirle  Fmger 

Operation  ^ _ Operation 

1  ‘ 

10  or  (2.8N)  j  5  or  0.4N) 

40  or  (11. ON)  i  20  or  (5.BN) 

A 

Thumb  or  Fing«r 
Operation 

Minimum 

Maximum 

0.385"  (10mm)  !  0.75"  (19mm) 

0.75"(l9mm)  j 

0.125"  13mm) 

1.5"  (38mm) 

SEPARATION 

s 

Single  Finger  I  Single  Finger  j  Operation  by 

Operation  *  Sequential  Operation  j  Several  Finger* 

Minimum 

Preferred 

0.5"(l3mri)  j  0.25"(6mm)  j  0.5"  113mm) 

2.0"  (50mm)  ,  I.OO"(25mm)  j  0.5”  (13mm) 

_ _ _ _ _  '  _ _ _ _ 

Figure  9.  PUSHBUTTONS  (FINGER  OR  HAND  OPERATED) 


ORIGINAL  REQUIREMENT 


5. 4.3. 1.5  Legend  Swi tches  - 

5 . 4 . 3 . 1 . 5 . 1  Dimensions ,  Resistance.  Displacement,  and  Separation  - 
Dimensions,  resistance,  displacement,  and'  sYpa  roYibTf  be  tween  adjacent 
edges  of  legend  switches  shall  conform  to  the  criteria  in  Figure  12. 

5. 4. 3. 1.5. 2  Barrier _ Height  -  Barrier  height  from  panel  surface  shall 
conform  to  the  criteria  infigure  12. 

5 . 4 . 3 . 1 . 5 . 3  CKher_Se_nu irements  - 

a.  For  positive  indicn.ion  of  switch  activation,  the  legend 
switch  shall  be  provided  win  a  detent  or  click.  When  legend  switches 
are  touch  sensitive  and  not  ‘Ochanical,  a  positive  indication  of  acti¬ 
vation  may  be  an  inte;r?.l  light  within  or  above  the  switch  being 
activated. 

b.  The  legend  shall  lie  legible  with  or  without  internal 
i  1 1 umi na  t i on . 

c.  A  lamp  test  or  ,iua i  lamp/ filament  reliability  shall  be  pro¬ 
vided,  except  for  switches  using  LED's  in  place  incandescent  lamps. 

d.  La-os  within  the  legend  switch  shall  oe  replaceable  from  tne 
front  of  the  panel  by  hand  and  the  legends  or  covers  shall  be  keyed  to 
prevent  the  possibility  of  interchanging  the  legend  covers. 

e.  There  shall  be  a  maximum  of  three  lines  of  lettering  on  the 
legend  plate. 


MFI  COMMENTS 


i  _ 

This  is  silly.  Fairly  large 
component  are  available,  and 
there  may  be  good  reason  to 
have  more  labels,  e,g.,  a 
4-way  matrix  switch  (see 
new  illustration). 


: 


BARRIERS 


S 

Site 

A 

DISPLACEMENT 

1 

RESISTANCE 

Bw 

®d 

Minimum 

0.75" 

!  0.125 — 

0.125" 

0.188" 

10  o/ 

(19rmn) 

13  mm) 

13mm) 

(5mm) 

(280mM 

Minimum 

1.5" 

0.250" 

0.250" 

0.250" 

40  oz 

(38mm) 

(Gmm) 

(5mm) 

(Smm) 

(1  IN) 

'Berrien  i lull  htM  rounded  edges. 

**3/16"  (5mm)  lor  positive  pontton  i witches 


Piflurt  1 2.  LEGEND  SWITCH 


MFT  RFCOMMENDEL  MODIFICATION 


rationale/references 


5.4.3. 1.1  Push  Button  Switches  (Hand-  or  Finger-Operated) 

5 .4.3 . 1 . 1 . 1  Application  -  Push  button  controls  shall  be  used  pri¬ 
marily  when  a  simple  switching  between  two  conditions  are  required, 
selection  or  alternate  on-off  functions  from  an  array  of  related 
conditions,  or  subsystem  functions,  release  of  a  locking  system 
such  as  on  a  parking  brake  or  entry  of  a  discrete  control  order. 
Push  buttons  should  not  be  used  indiscriminately  merely  to  make 
all  panel  controls  "look  alike",  or  where  another  type  of  switch 
could  be  used  to  save  panel  space,  e.g.,  toggle  switch.  Push 
button  type  controls  may  be  used  for  any  of  the  following  kinds 

of  operation  singly  or  in  combination.  (Refer  also  to  Table _ 

and  paragraph  54. 3.1.3.) 

a.  Momentary  contact.  (A  single  "push-HOLD/release-OFF" 
function.)  For  this  type  of  function  the  push  button 
should  be  one  of  the  following  types:  (1)  non-illuminated 
(2)  continuously  ON  switchcap  light  or  legend,  or  (3) 
momentary  ON  switchcap  light. 


Application  coverage  and  illustra¬ 
tions  obviously  have  been  expanded 
to  cover  common  variation. 

Instead  of  original  figures  and 
tables,  the  new  table  deals  with 
types  of  push  button  applications 
on  an  individual  basis. 

Note  that  we  disagreed  with  several 
values  and  have  introduced  values 
we  feel  are  more  acceptable  on  tne 
basis  of  our  experience  and  obser¬ 
vation  of  typicai  hardware.  These 
seem  to  be  supported  by  review 
committee . 


b.  Alternate  action.  Alternate  action  for  a  single  function 
may  be  implemented  either  in  a  two-button  format  or  as 
a  single  button.  With  the  single-button  type  a  first 
press  sets  the  switch  in  Che  ON  state  and  a  second  press 
sets  it  to  OFF.  Feedback  to  indicate  the  ON  state  shall 
be  provided  either  by  switchcap  lamp  or  legend  or  by  a 
closely  associated  lamp  or  legend.  With  the  two-button 
type,  the  buttons  are  mechanically  interlocked  so  that 
one  button  is  always  depressed  and  the  other  button  is 
in  the  up  position.  Although  the  deprefsed  button  pro¬ 
vides  feedback  on  switch  state,  additional  feedback  by 
means  of  switchcap  lamp  or  closely  associated  lamp  or 
legend  should  normally  be  provided. 


c.  Stepping  action.  Successive  presses  of  the  switch  cycle 
it  through  three  or  more  states.  Switch  state  feedback 
•may  be  provided  by  selective  illumination  of  integral  or 
associated  legends. 
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1.  Send  shore  discrete  Momentary  Single  Momentary  Momentary  Momentary  Momentary  Momentary  Suffscien 


signal  to  initiate 
or  terminate  some 
other  function. 

Send  short  signal 
of  controllable 
duration . 


Choose  between  two 
mutually  exclusive 
states 


contact  button  only 


Momentary  Single  Momentary 
contact  button  Jjonty 


Alternate  Two-  'If  mechan 
action,  button  jically 
latching  inter-  jlacched 


inter-  jlacched 
locked  j  _ 

or  j 

Single-  Ilf  mechnn- 
but'.on  jically 
Hatched 


Step  through  three 
or  more  switch 
spates 


Independently 
choose  one  out  of 
three  or  more  mut¬ 
ually  exclusive 
states 


Independently  '  Alternat 

choose  two  or  more  action, 

out  of  a  set  of  con-  latching 
trol  functions  each 
haying  two  states 


S i ng i c 
button 


Latching 
and  inter¬ 
locked 


Alternate  Array  of  If  mechan- 
action,  buttons  ically 
latching  *  latched 


Momentary  Momentary  [Momentary  Momentary  jSuff icier. 


Suf  Cici-nt 


Suf  f  icier,  t 


Suff icient 
(if 

multiple 

legend) 


Sufficient 


Sufficient 


Sufficient 


*Notes:  1 .  The  feedback  referred  to  pertains  ofily  to  knowledge  of  switch  state,  not  system  state  (which  may 
impose  additional  feedback  requirements). 

2:.  A;  feedback  option  designated  "sufficient"  means  that,  properly  instrumented  it.can  provide  all 
che  itiformation  the  operator  needs  concerning  switch  state:  other  methods  showing  annotation  or 
C  (contributing)  need  to  be  used  in  combination  to  provide  adequate  feedback.  145 
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Sots  of  related  switching  functions  of  the  above  types. 
These  are  combined  as  an  assembly.  These  may  he  independ 
cnt,  interlocked  or  a  combination  of  both,  may  be  momen¬ 
tary  or  latching  or  a  combination  of  both;  and  may  be 
non-illuminated,  or  have  switchcap  lights  or  legends. 
Feedback  as  to  active  switch  states  shall  always  be 
provided.  Interlocking  and  latching  functions  may  be 
either  mechanical  or  electrical.  (See  section  5. 4. 3. 1.2 
on  keyboards,  keypads,  keysets,  and  menu  selectors.) 


rationale/references 
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rationale/references 


5. 4. 3. 1.1.2  Dimensions,  Actuating  Force,  Displacement:  and 
Separation  -  Dimensions,  displacement,  and  separation  of  push 
button  controls  shall  conform  to  the  criteria  in  Table 
Actuating  force  for  push  buttons  shall  be  within  the  following 
limits. 


Ref:  Woodson  and  Conover,,  Hum. 
Engineering  Guide  for  Eqi 
Designers,  1966^  p  2~§5 
p.  2-96 . 


a.  Very  small,  or  frequently-used  push  button  (see 

5. 4. 3. 1.3. 2)  force  requirements  should  be  within  the 
range  of  2.78  N  (1.0  oz.)  to  11.1  N  (40.0  oz.). 

b.  Thumb-operated  push  button  forces  should  be  within  the 
range  of  1.1  N  (4.0  oz. )  to  16.7  N  (60.0  oz.). 

c.  Large  push  buttons  that  typically  would  be  operated 
by  two  or  more  fingers,  or  by  the  heel  of  the  hand 
should  be  within  the  range  of  1.7  N  (6.0  oz.)  to  a 
maximum  of  22.2  N  (80.0  oz. ). 

5. 4. 3. 1.1. 3  Indication  of  Switch  Activation  -  Positive  feedback 
shall  be  provided  to  indicate  that  the  push  button  switch  has 
been  activated  or  deactivated,  considering  the  following: 


a.  Switch  displacement  is  visible. 

b.  Tactile/auditory  indication,  i.e. ,  gradual  resistance 
build-up  to  sudden  resistance-release  (snaps  into 
place),  accompanied  by  a  audible  "click". 

c.  Accompanying  visual  indication  (e .g . ,  switch  cap  is 
illuminated) . 


5. 4. 3. 1.1.4  Push  Button  Identif ication/Legehds  -  Although  push 
buttons  may  be  identifiable  by  means  ot  panel  labels ,  it  is  pre¬ 
ferred  that  labels  be  placed  on  the  push  button  face  (where  size 
and  other  use  factors  are  compatible).  Criteria  for  labels  and 
legends  (5.5)  shall  be  followed.  Legends  normally  should  be 
legible  With  or  without  internal  illumination,  but  legends  say  be 
invisible  during  any  distinct  modes  in  which  the  button  is  never 
used.  A  lamp  test  capability  and/or  dual  lamp  reliability  shall 
be  provided,  except  for  switches  using  LED's  in  place  of  incan¬ 
descent  lamps.  Other  considerations  include  the  following: 
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RAT  I ONALE/REFEftENCES 


a.  There  should  normally  be  :io  more  than  three  lines  of 
lettering  on  a  legend  plate. 

b.  Lamps  within  incandescent  legend  switches  shall  be 
replaceable  from  the  front  of  the  panel,  by  hand,  and  the 
legend  or  cover  shall  be  keyed  to  prevent  possibility  of 
interchanging  legend  covers. 

5.4.3. 1.1.5  Push  Button  Cap  Shape  -  Cap  surfaces  should  gener¬ 
ally  be  flat,  but  with  rounded  edges.  However,  for  certain 
applications  where  it  is  required  to  insure  proper  "finger-center¬ 
ing",  the  cap  surface  may  be  made  concave.  General  cap  shapes 
may  be  round,  square  or  rectangular  as  long  as  they  provide  ade¬ 
quate  finger,  thumb  or  hand  contact  area,  and  are  compatible  with 
identification  or  legend  requirements. 

5- 4. 3. 1.1. 6  Inadvertent  Switch ^Activation  -  Primary  methods  for 
minimizing  inadvertent  switch  activation  shall  conform  to  criteria 

in  Table _ .  If  however,  it  is  imperative  to  prevent  accidental 

activation  of  a  specific  switch,  a  channel  or  cover  guard  shall 
be  provided,  and/or  other  suitable  technique  that  requires  the 
operator  to  perform  a  preceding  action  prior  to  final  switch 
activation. 


Table  _  -  Push  Button  Switches  (Continued) 


APPLICATION  CRITERIA 


DESIGN  CRITERIA 


DIMENSIONS 


DISPLACEMENT 


SEPARATION 


MATRIX  wICHlSWITCM:  0 

ALTHOUGH  TOTAL  SWITCH  FRONTAL  AREA 

could  fie  much  seller  for  actuation 
reasons,  MIN I MUMS  Noreo  TO  THE  K.GlM. 
arc  RfcCOMMENOFD  O.E.,  FOR  ADEQUATE 
LEGCNO  SIZE,  and  TENOENC'  for  OP¬ 
ERATOR  TO  PREvS  INOlVlOUAL,  DESIG¬ 
NATED  AREAS) 


-  M*n|MUM 

individual 
SCREENS  - 
0.7;  * 

G.9  cm) 
x  0,75 


SAME  AS  ABOVE 


WHEN  TWO  OR  MCRV 
UNITS  ARE  ADJACENT, 
MIN.  SEPARATION  « 
C.2S"  (0.6R  CM) 
C60GC-I0-C0CO 


GANGED  PUSH  SUTTON  ASSEMBLY* 


M  OR  0  MIN. 


SQUARE,  RECTANGULAR  OR  ROUND  'JIAPES 
ARE  ACCEPTABLE.  DEPRESSION  oF  ANT 
BUTTON  SHALL  CAUSE  ANY  PREVIOUSLY- 
OEPRESSED  SUTTON  TO  RETURN-TO  OEACFI 
VATEO  POSITION. 


'0.575*' 
-CO. $5  CM) 

CO,S”  tor 
clovl'S) 


NUMBERED  BUTTONS  SHALL  PROGRESS  AS 

illustrate©. 


X.<  -  MIN  EXPOSURE  I 
WHEN  DEPRESSEO  r  I 
0.125"  (0.52  CM)  | 

X.h  -  MIN  DCPRES-  ] 
SIGN  TO  ACTIVATE  =  1 
0.125"  (PREFERRED 
z  9.W7S"  (O.RI  j 
CM)). 


S  CTR-CTR  SPACING 
MIN  =  0./5"  0.9 
CM)  0,0"  FOR 
GLOVES) 


NOTE!  MAX  DISPLACE¬ 
MENT  SHALL  NOT 
EXCEED  O.S" 
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ORIGINAL  REQUIREMENT 


5. 4. 3. 1.3  Keyboards  - 

5. 4. 3. 1.3.1  Appl  ication  -  Arrangements  of  push  buttons  in  the  form  of 
keyboards  should 'be  used  when  alphabetic,  numeric  or  special  function 
information  is  to  be  entered  into  a  system. 


5. 4. 3. .1.3. 2  Layout  and  Conf iguration  -  The  key  configuration  and  the 
number  of  keys  are  directly  dependent  upon  the  predominant  type  of 
information  to  be  entered  into  the  system.  The  major  forms  that 
keyboards  can  take,  which  aid  in  the  entry  of  such  information ,  are 
given  below: 

a.  numeric  Keyboard:  The  configuration  of  the  keyboard  which 
shall  be  used  to  enter  solely  numeric  information  should  be  a  3  x  3  +  1 
matrix  with  the  zero  digit  centered  on  the  bottom  row. 

b.  Alpha-Numeric  Keyboard:  Keyboard  configurations  for  applica¬ 
tions  which  require  the  entry  of  alphabetic  and  some  numeric  information 
shall  conform  to  Ml L- STD- 1280.  Tor  some  applications  the  entry  of  data 
varies  from  primarily  alphabetic  to  primarily  numeric,  for  these  appli¬ 
cations  tuo  alternates  are  suggested.  The  first  being  to  provide  a 
keyboard  of  the  type  shown  in  Figure  2,  page  15,  of  MiL-STD-1280  (where 
there  is  no  separation  between  alphabetic  and  numeric  characters);  and 
the  second  to  provide  a  separation  to  emphasize  the  two  separate  func¬ 
tions,  with  tre  numeric  keyboard  located  u  the  riant  of  the  standard 
keyboard . 

5. 4. 3. 1.3. 3  Dimensions,  Resistance,  Displacement,  and  Separation  -  The 
control  dimensions,  resistance,  displacement  and  separation  between 
adjacent  edges  of  the  pushbuttons  which  form  keyboards  shall  conform  to 
the  criteria  in  Table  IX.  For  a  given  keyboard  these  criteria  shall  be 
uniform  for  all  individual  keys.  For  those  applications  where  operation 
while  wearing  (trigger  finger.)  arctic  mittens  is  required,  the  minimum 
key  size  shall  be  0.75  inch  (19  mm).  Other  parameters  are  unchanged 
from  those  of  bare-handed  operation  (see  Table  IX)-. 

5. 4. 3.1. 3.4  Slope  -  All  nonportable  keyboards  should  have  a  slope  of 
between  15  and  2$  degrees.  The  preferred  slope  is  16  to  17  degrees. 

The  slope  of  a  portable  device  can  be  varied  according  to  the  preference 
of  the  operator. 


Too  simplistic  co  cover  issues  of 
typewriter  vs  calculator  vs 
communication  keyboards. 


No  reason  for  restriction 
”0"  to  a  center  position; 
cover  an  "Enter"  or  other 
calculator  keysets. 


of 

doesn  1 1 
typica  1 


i 

! 

i 


Table  XX  too  restrictive  for 
many  acceptable  keyboards,  L.e., 
it  is  push  button-oriented. 


Index  finger  operations  can  be 
all  the  way  from  horizontal  to 
vertical.  Height  of  keyboard 
important  -  not  addressed  here! 
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5 . 4 . 3.1.3  Keyboards,  Keypads,  Keysets  and  Menu  Selectors 

5. 4. 3. 1.3.1  Applications  - 

a.  Alphanumeric  keyboards  with  standard  typewriter  key 
configurations  should  be  used  for  applications  where  a 
general-purpose  entry  requirement  cannot  be  satisfied 

by  numeric  entries  alone,  by  smaller  keysets  with  either 
dedicated  or  programmable  keys,  or  by  menu  selection 
techniques. 

b.  Keypads  (decimal  entry  keysets)  should  be  used  for 
applications  requiring  frequent  entry  of  decimal  digits, 
whether  as  data  or  as  numeric  codes. 

c.  Keysets  with  each  key  dedicated  to  a  specific  switching 
function  should  be  used  whenever  the  number  of  switching 
functions  is  manageable  and  need  not  change  with  time  or 
operational  condition. 

d.  Multi-function  (programmable)  keysets  offering  means 
of  changing  the  switching  function  of  individual  keys 
should  be  utilized  whenever  switching  requirements  vary 
substantially  for  different  phases  or  modes  of  operation 
and  the  total  number  of  functions  to  be  switched  cannot 
be  conveniently  handled  by  dedicated  keys. 

e.  Menu  selection  techniques  which  provide  for  display  and 
selection  of  switchable  states  on  a  CRT  may  be  used  as 
an  alternate  to  the  multi-function  keyset/. 

5. 4. 3. 1.3.2  Keyboards  (alphanumeric  keysets  in  typewriter  con- 

f  iguration)  — — —  - - - 

5.4.3 .1.3 .2.1  Configuration  -  Keyboard  configurations  shall  be 
of  the  QWERTY  arrangement  and  shall  conform  to  MIL-STD-1280. 

Key  action  shall  be  of  the  momentary  contact  type. 


rationale/references 


Tn  many  systems  most  control  function 
are  exercised  through  keyboards,  key¬ 
pads,  keysets,  or  menu  selection 
devices.  This  section  covers  these 
devices  with  respect  to;  configura¬ 
tion;  dimensions,  displacement,  and 
separation;  mounting;  actuating 
force;  feedback;  and  function  control 


This  applications  section  makes 
a  differentiation  between  the 
uses  of  different  types  of  key 
entry  devices. 
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5. 4. 3. 1.3. 2. 2  Dimensions,  Displacement,  and  Separation  -  The 
control  dimensions,  displacement  and  separation  between  adjacent 
edges  of  the  push  buttons  which  form  keyboards  shall  conform  to 
the  criteria  in  Table  IX.  For  a  given  keyboard  these  criteria 
shall  be  uniform  for  all  individual  keys. 


rationale/references 


5.4.3 . 1 .3 .2 .3  Mounting  -  The  keyboard  should  be  mounted  so  that 
it  is  directly  in  front  of  the  operator  when  it  is  in  use.  The 
first  row  of  keys  should  be  between  23  cm  (9  in.)  and  30  cm 

(si?  in.)  above  the  seat  level  and  the  tiers  of  keys  should  slope 
upward  toward  the  back  at  an  angle  between  10°  and  30°  from  the 
horizontal  (17°  preferred).  See  Figure _ . 

5.4.3 . 1 .3 .2 .4  Actuating  Force  -  The  force  required  for  key 
actuation  should  fall  in  the  range  between  0.25  N  (0.9  oz.)  and 
1.5  N  (5.3  oz.) 


Includes  height  above  seat 
level.  Broadens  the  acceptable 
range  of  slopes. 


Ref:  Boeing  Co.,  Design  Handbook 
for  Imagery  Interpretation' 
Equipment,  6.2-15. 


5 .4.3 . 1 .3 . 2 . 5  Feedback  -  Feedback  shall  be  provided  to  inform  Presents  essential  requirements 

the  operator  whether  or  not:  (1)  the  pressed  key  was,  in  fact,  with  respect  to  feedback, 

actuated,  (2)  the  intended  key  selection  was  the  one  which  was 
■made,  and  (3)  an  entire  message  or  message  segment  is  ready  for 
the  next  operation  (e.g.,  filing,  transmission,  computer  storage, 
etc . ) . 


5.4.3 . 1.3 .2.6  Function  Control  -  In  complex  systems  when  the 
keyboard  serves  multiple  functions,  convenient  means  of  switching 
keyboard  function  and  indicating  keyboard  state  shall  be  provided. 
Keyboard  functions  which  may  need  to  be  independently  selectable 
include: 


Takes  account  of  the  multi¬ 
purpose  usage  of  many  keyboard 
installations . 


a.  Posting  of  data  or  instructions  on  a  display  prior  to 
release  to  the  central  processor. 

b.  Composing  and  posting  message  text  prior  to  its  release. 

c.  Editing  posted  data  or  text  material. 

d.  Directly  entering  data  or  instructions  to  a  computer. 
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TELEPHONE: 

K  -  Key  Size  =  0.375-in  (0.95  cm) 
S  -  Separation  =  0.25-in  (0.6  cm) 
H  -  Height  =  0.25-in  (0.6  cm) 

X  -  Depressed  Extension  =  0.62-in 
(0.16  cm) 

C/C  -  Center/Center  Spacing  = 
0.656-in  (1.67  cm) 


0QS 


NUMERIC: 

C/C  -  Center/Center  Spacing  = 
0.75-in  (1.9  cm) 

Note:  For  other  dimensions  refer 
to  Table  for  single 

finger  push  buttons . 


TYPEWRITER : 

K  -  Key  Size  =  0.50-in  (1.27  cm) 

C/C  -  Center/Center  Spacing  -  0.75-in 
(1.9  cm) 

D  -  Displacement  =  0.187-in  (0.47  cm) 
for  electric;  0.625-in  (0.16  cm) 
for  typical  manual  machine. 


b-C/C 


jinjnajnin-GBf-1- 

aggnocM-r 
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Varies  widely;  preferred 
slope  is  between  16-17°. 


Nominal  Keyboard  Characteristics 


t 
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RAT  I ONALE/REFERENCES 


5. 4. 3. 1.3. 3  Keypads  (Decimal  Entry  Keysets) 

5.4.3 . 1 .3 .3 . 1  Configuration  -  Two  different  key  configurations 

shall  be  utilized  as  follows.  (Keys  in  both,  are  of  the  momentary 
contact  type.)  See  Figure _ . 

a.  For  telephone  use  or  any  communications  addressing  func¬ 
tion,  the  push-button  telephone  configuration  shall  be 
used.  (This  is  a  3  x  3  +  1  configuration,  with  the  top 
row  consisting  left  to  right  of  the  numerals  1,  2,  and  3; 
the  second  row,  4,  5,  and  6;  the  third  row,  7,  8,  and  9; 
and  the  zero  is  centered  under  the  bottom  row.) 

b.  For  entry  of  data  or  coded  instructions  the  calculator 
configuration  shall  be  used.  (This  is  a  3  x  3  +  1 
configuration  with  the  top  row  consisting  left  to  right 
of  the  numerals  7,  8,  and  9;  the  second  row,  4,  5,  and  6; 
the  third  row,  1,  2,  and  3;  and  the  zero  is  under  the 
bottom  row.)  In  the  event  the  telephone  configuration 

as  well  as  this  configuration  is  used  in  the  same  piece 
of  equipment,  the  two  configurations  shall  be  made 
distinctively  different  in  appearance  from  one  another. 

514.3. 1.3.3.2  Dimensions.  Displacement,  and  Separation  -  Tele¬ 
phone-type  keypads  may  be  ot  tne  comraercialiy-available  type 
unless  otherwise  specified.  Dimensions,  displacement  and 
separation  of  other  keypads  shall  conform  to  those  for  commercial 
push  button  phones,  except  as  follows. 


5. 4. 3. 1.3. 3.1  Here  is  an  item  which 
should  receive  careful  attention  in 
the  future.  Because  two  different 
configurations  (telephone  and  cal¬ 
culator)  are  already  in  extensive 
use,  we  are  recommending  that  for 
the  time  being  both  configurations 
continue  to  be  used.  We  don't  think 
this  is  a  good  long-term  solution, 
since  many  equipments  might  have 
both  configurations  ana  thus  intro¬ 
duce  higher  error  rates.  In  the 
long  run  we  think  that  either  the 
telephone  configuration  or  a  5  x  2 
configuration  should  be  adopted, 
and  hopefully  calculator  manufac¬ 
turers  would  follow  suit.  (We  have 
already  seen  some  examples  of  the 
telephone  configuration  is  non¬ 
communications  systems.)  Research 
shows  the  telephone  configuration 
to  be  superior  to  the  calculator 
configuration,  but  we  have  not  yet 
seen  any  solid  data  on  a  5  x  2 
configuration  which  we  feel  might 
turn  out  better  than  either  of  the 
other  two. 


a.  Displacement  may  be  less  or  zero,  if  touch-activated 
switches  with  appropriate  feedback  are  used. 

b.  Key  size,  separation,  and  displacement  shall  be  as 
indicated  in  Table  IX  if  heavy  gloves  or  mittens  are 
to  be  worn  by  users. 


5.4.3. 1 .3.3.2  Allows  the  touch- 
actuated  key  if  appropriate  feed¬ 
back  and  key  separation  is 
provided. 


5.4.3 . 1 .3’. 3 .3  Mounting  -  Keypads  may  be  mounted  wherever  they  are 
conveniently  available  for  use.  Keypads  requiring  frequent  use 
should  be  mounted  in  a  preferred  location  for  controls  such  as  a 
desk  top  and  should  be  sloped  as  is  required  for  keyboards 
(paragraph  5.4.3 .  J  .2.. 2.3)  . 
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5 . 4 . 3. 1 . J . 3 .4  Actuating  Force  -  The  actuating  force  required  for 
keypads  shall  fall  in  the  range  of  0.25  N  (0.9  oz.)  to  3.9  N 
(?14.0  oz.).  (This  actuating  force  range  does  not  apply  to 
touch-activated  keypads.)  The  larger  actuating  forces  should  be 
used  where  the  user  wears  gloves  or  mittens,  or  is  subjected  to 
substantial  vibration  or  acceleration. 

5. 4. 3. 1.3. 3. 5  Feedback  -  Feedback  shall  be  provided  to  inform 
the  operator  whether  or  not:  (1)  the  pressed  key  was,  in  fact, 
actuated,  (2)  the  intended  key  selection  was  the  one  which  was 
made,  and  (3)  the  entire  number  set  as  posted  is  ready  for  the 
next  operation  (e.g.,  a  computational  process,  transfer  to  the 
computer  as  data,  etc.) 

5.4.3. 1.3. 3. 6  Function  Control  -  Switches  for  control  functions 
shall  be  provided  as  needed  'for  the  particular  application. 
Separate  clearing  functions  shall  always  be  provided  to  allow 
clearing  either  (1)  only  the  last  posted  digit,  or  (2)  all  posted 
digits. 

5. 4. 3. 1.3. 4  Dedicated  Keysets 

5 .4. 3 • 1.3 , 4. 1  Configuration  -  A  dedicated  keyset  consists  of  an 
array  of  keys  or  push  buttons  individually  labeled  with  fixed 
functional  meanings  and  with  a  commonality  of  purpose,  such  as 
entry  of  instructions  to  a  computer.  (Dedicated  keysets  are 
special-purpose  devices  whereas  keyboards  and  keypads  are  inher¬ 
ently  general-purpose.)  As  best  fits  the  purpose,  key  action  may 
be  momentary  contact  or  latching,  and  key  tops  may  (1)  be  opaque, 
(2)  contain  an  indicating  lamp,  (3)  provide  a  continuously  illum¬ 
inated  label,  (4)  provide  an  illuminated  label  when  activated,  or 
(5)  provide  both  (3)  and  (4).  The  functions  and  physical  config¬ 
uration  of  the  push  buttons  in  the  keyset  shall  be  appropriate 
to  the  switching  functions  it  must  handle  and  to  the  operator's 
task.  (See  paragraph  5.4.3. 1.1  and  Table _ .) 

5.4.3. 1 .3.4.2  Dimensions,  Displacement,  and  Separation  -  Dedicate 
keysets  which  do  not  utilize  switchcap  labels  shall  conform  to  the 
dimensions!  requirements  for  keyboards  in  Table  IX;  those  which 
do  use  switchcap  labels  shall  conform  to  the  requirements  for 
legend  switches  (paragraph  5. 4. 3. 1.1).  (The,  displacement  require¬ 
ments  do  not  apply  to  touch-actuated  switches.) 


rationale/references 


Clarifies  the  various  requirements 
for  feedback. 


Brings  greater  specificity  to 
dedicated  keysets.  (Professional 
judgment. ) 
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rationale/references 


5 .4.3 . 1 . 3 .4 . 3  Mounting  -  Dedicated  keysets  may  be  mounted'  wherever 
they  are  conveniently  available  for  use. 

5. 4. 3.1 .3.4.4  Actuating  Force  -  The  actuating  force  required  for 
dedicated  keysetc  shall  tail  in  the  range  of  0.25  N  (0.9  02.)  to 
11.3  N  (40  oz.).  The  larger  actuating  forces  should  be  used  only 
with  large-size  illuminated  switchcaps,  2.5  cm  (1  inch)  wide  or 
larger  which  may  be  needed  to  accommodate  switchcap  labeling. 

The  preferred  actuating  force  for  push  buttons  which  can  be  mount¬ 
ed  on  2.0  cm  (0.75  in.)  centers  is  about  2.8  N  (10  oz.). 

5 . 4.3 . 1 . 3 .4 . 5  Feedback  -  Feedback  shall  be  provided  to  inform 
the  operator  whether  or  net:  (1)  the  pressed  key  was,  in  fact, 
actuated,  (2)  the  intended  key  selection  was  the  one  which  was 
made  (3)  the  system  is  in  the  process  of  responding  to  the 
actuated  key,  and  (4)  the  system  has  completed  its  response  to 
the  actuated  key. 

5.4.3. 1.3. 4. 6  Function  Control  -  Switches  for  control  functions 
governing  operation  oE  the  keyset  shall  be  provided  as  heeded 
for  the  particular  application. 

5. 4. 3. 1.3. 5  Multi-Function  (Programmable)  Keysets 


5. 4. 3. 1.3. 5.1  Special  Requirements  -  Multi-function  keysets 
require  instrumentation  tor  accommodating  switching  at  two  levels: 
(1)  a  gross  function,  or  mode  level  and  (2)  a  detailed,  or  item 
level  within  each  mode. 

a.  Function  (or  mode)  selection.  The  amount  of  selection 
capability  shall  be  dependent  upon  the  number  of  dif¬ 
ferent  sets  of  switching  functions  to  be  used  alternative¬ 
ly.  The  mechanization  of  the  function  selectors  should 
ordinarily  by  rotary  selector  or  by  interlocked  push  but¬ 
tons  with  latching  actuation.  The  complete  range  of 
choices  as  well  as  the  current  mode  indication  should  be 
visible  to  the  operator  at  all  times,  except  in  those 
instances  where  function  selectors  are  implemehted  by 
entry  of  coded  switching  instructions  using  a  general- 
purpose  keyboard.  (Mode  switching  may  also  be  implemented 
for  initiation  by  the  computer,  in  which  cAse  manual 
switching  capability  can  be  correspondingly  reduced.) 


This  is  completely  new  material 
which  is  very  much  needed  because 
of  the  widespread  utilization  of 
multi-function  keysets.  (Based 
on  professional  judgment  and 
experience. ) 
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rationale/references 


b.  Switching  for  item  selection.  The  amount  of  selection 
capability  shall  be  dependent  upon  the  number  of  switch¬ 
ing  actions  which  must  be  independently  controllable. 
Item  selection  should  be  provided  by  push  buttons  of  the 
appropriate  types  (latching  or  momentary;  interlocked  or 
independent)  for  the  specific  switching  functions. 


c.  Item  labeling  and  feedback.  Item  labels  applicable  to 
each  mode  shall  be  displayed  on  or  adjacent  to  the  item 
selector  switches,  and  labels  which  are  inapplicable  to 
the  selected  mode  shall  not  be  visible.  Appropriate 
feedback  shall  be  provided  to  indicate  the  current  state 
of  each  item  selector  switch.  When  switching  to  a  new 
mode,  feedback  shall  be  provided  as  to  the  current  state 
of  each  switchable  function.  In  addition,  feedback  may 
be  heeded  to  indicate  which  switches  can  or  cannot  be 
utilized  in  the  current  ncde  (i.e.,  by  extinguishing 
labels  for  switching  func.ions  which  are  inapplicable). 

5 .4.3 .1 .3.5 .2  Configuration  -  The  physical  configuration  of  the 
keyset  shall  be  appropriate  to  the  switching  functions  it  must 
handle  and  to  the  operator's  task.  A  sample  configuration  is 
shown  in  Figure  _  . 


5.4. 3;.  1 . 3 .5 . 3  Dimensions,  Displacement,  and  Separation  -  The 
push  Button  switches  used  in  multi-function  keysets  shall  conform 
to  the  dimensional  requirements  for  push  buttons  (paragraph 
5. 4. 3. 1.1. 2)  as  applicable. 

5. 4. 3. 1.3. 5. 4  Mounting  -  Multi-function  keysets  may  be  mounted 
wherever  they  are  conveniently  available  for  use. 


5. 4. 3. 1.3. 5.5  Actuating  Force  -  The  actuating  force  for  the  push 
buttons  in  multi-function  keysets  shall  fall  in  the  range  of 
0.25  N  (0.9  oz . )  to  11.3  N  (40  oz.).  The  larger  actuating  forces 
should  be  used  only  with  large-size  illuminated  svitchcaps  2.5  cm 
(1  inch)  'wide  or  larger  which  may  be  needed  to  accommodate  switch- 
cap  labeling.  The  preferred  actuating  force  is  about  2.8  N  (-10 
oz . ),. 


Professional  judgment  and  experience. 
General  agreement  by  reviewers. 


5.4. 3 . 1 .3 . 5 . 6  Feedback  -  Feedback  shall  be  provider,  per  para¬ 
graphs  5.4.3. 1 .3.4.6  and  5. 4. 3.1.3. 5.1. 
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rationale/references 


5.  q. 3. 1.3,.  6  Menu  Selectors 

5.4^3. 1 .3.6. 1  Special  Requirements  -  Menu  selectors  require  con¬ 
trol  at  three  levels:  0)  Function-level  switching  to  select 
which  one  out  of  the  set  of  menu  listings  is  presented  on  the 
display,  (2)  a  control  for  selection  of  a  particular  item  from  the 
menu,  and  (3)  a  control  for  entry  or  activation  of  the  selected 
menu  item.  The  function  selector  should  be  instrumented  as  in 
paragraph  5.4.3.1.3.5.1a.  Selection  of  the  menu  i  ;em  may  be  by 
i-’eans  of  a  cursor  controlled  by  push  buttons,  a  thumbwheel,  light 
pencil i  or  grid/stylus  type  device.  The  entry  instruction 
itself  should  be  implemented  as  a  separate  momentary-contact 
switch. 

5.4.3.T.3.6.2  Configuration  -  The  physical  configuration  of  menu 
selector  controls  and  displays  shall  t«.  appropriate  to  the  switch¬ 
ing  functions  it  must  handle  and  to  the  operator's  task.  Two 
sample  configurations  are  shcvn  in  Figure _ . 


The  topic  of  "raanu  selectors"  is 
new  and  deserves  special  attention 
because  of  growing  utilization  of 
such  techniques.  The  topic  is  in 
the  controls  section  rather  than 
under  CRT  because  the  technique 
is  an  alternative  to  use  of  the 
multi- function  keyset. 


I  5. 4. 3. 1.3. 6. 3  Dimensions.  Displacement,  and  Separation  -  The  push 
button  switches  shall  conform  to  dimensional  requirements  for 
.  legend  swtiches  (paragraph  5. 4.3. 1.1.2).  Thumbwheel  control  if 
used  shall  conform  to  5. 4. 2. 1.3  or  5. 4. 2.2. 1.8.  Menu  labels  shall 
conform  to  size  and  style  in  paragraph  5.5.5. 

5. 4. 3. 1.3- 6. 4  Mounting  -  The  cursor  control  (e.g.f  thumbwheel 
or  keypad)  should  be  mounted  beneath  the  menu  listing.  The  ENTER 
button  should  be  close  to  and  preferably  to  the  right  of  the 
cursor  control.  The  function  (mode)  selectors  should  be  mounted 
conveniently  near  the  cursor  control. 

5.4.3. 1 .3.6.5  Actuating  Force  -  Actuating  force  for  push  buttons 
and  thumbwheel  control  shall  tall  within  ranges  specified  in 
paragraphs  5.4.3. 1.3. 5. 5  and  5. 4. 2. 2.1 *8. U  respectively. 

5. 4. 3.1 .3.6.6  Feedback  -  Feedback  shall  be  provided  per  para¬ 
graphs  5-4. 3. 1.1.4. 8  and  5.4.3. 1 .3.5. 1 .  Some  readily  apparent 
means  of  differentiating  selected  menu  items  from  non-selected 
items,  such  as  underlining  shall  be  employed. 
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Cursor  at  #7,  selected  by  thumbwheel 
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Press  of  ENTER  will 
draw  line  under 
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appears  on  LONG 
BEACH 


When  ENTER  is 
pressed,  cursor  will 
disappear  and  LONG 
BEACH  wll  be  under¬ 
lined  and  entered 


CRT  —y 


*■  '  — 

MENU 

-  : 

0 

1  AlArUPA 

d) 

?  BOSTON 

0 

#3  IONO  BEACH 

a 

4  NOSPOIK 

DATA  FORMATS 

m 

5  PEACE 

a 

A 

f 

=. 

a 

7  SAN  r  RAN 

m 

3 

\ 

o 

9  SAN  diego 

-  ' 

_) 

- 

WMJIUij 

|  WW  |  WC  | 

Figure  _ -  Menu  Selector  Types  and  Format  Examples 
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5 . 4 . 3 . 1 . 4  Toggle  Switch  Controls  - 

5. 4. 3. 1.4.1  Application  -  Toggle  switches  should  be  used  for  functions 
which  require  two  discrete  positions  or  where  space  limitations  are 
severe.  Toggle  switches  with  three  or  more  positions  shall  be  used  only 
where  the  use  of  a  rotary  control,  legend  switch  control,  etc.,  is  not 
feasible  or  when  the  toggle  switch  is  of  the  spring-loaded,  center- 
position-off  type.  (Toggle  switches  are  considered  herein  to  be  dis¬ 
crete  position  controls.  Small  controls  that  are  the  same  size  and 
shape  as  toggle  switches  and  used  for  making  continuous  adjustments 

are  described  herein  as  levers.) 

5. 4. 3. 1.4. 2  Accidental  Activation  -  When  the  prevention  of  ar'- ;'l.ntal 
activation  is  or  primary*  importance  (i.e.,  critical,  dangerous  or 
hazardous  conditions  would  result),  channel  guards,  lift-to-un,ock 
switches,  or  any  other  equivalent  means  will  be  provided.  Safety  or 
lock  w»rg  shall  not  be  used. 

5.4.3. i . *  3  Dimensions,  Resistance,  Displacement,  and  Separation  - 
biniensiv’o ,  risistance,  displacement,  and  separation  between  adjacent 
edges  of  toggle  switches  shall  conform  to  the  criteria  in  Figure  11. 

5.4.3. 1.4.4  Resistance  -  Resistance  should  gradually  increase,  then 
drop  when  the’ switch  sno-,;s  into  position.  The  switch  shall  not  be 
capable  of  being  stopped  between  positions. 

5. 4. 3. 1.4. 5  Orientation  -  Toggle  switches  should  be  vertically  oriented 
with  OFF  in  the  down’posi tion.  Horizontal  orientation  and  actuation  of 
toggle  switches  shall  be  employed  only  for  compatibility  with  the  con¬ 
trolled  function  or  equipment  location. 
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MFI  COMMENTS 


Idea  of  a  toggle  taking  less  space 
than  small  push  buttons  or  other 
switch  types  is  hard  to  defend. 
Statement  also  implies  these  others 
should  not  be  used  for  two-position 
functions . 


Last  statement  does  not  seem 
necessary  -  who  does  this  today? 


"Vertically-oriented"  is  not  clear. 


DIMENSIONS 


Minimum 


Maximum 


Arm  length 


D 

Control  Tip 


RESISTANCE 

Small 

Large 

Switch 

Switch 

10  or 

10  or 

(2.8N) 

(2.8N) 

ISor 

40  or 

«.5N) 

(1  IN) 

displacement 

2  Position 

3  Position 

Minimum 

30  deg 

18  deg 

Maximum 

170  deg 

60  deg 

Oesirad 

25  deg 

Single  Finger 
Operation 


SEPARATION 


S 

Single  Finger 
Sequential  Operation 


Siniultaneoui  Operation 
by  Different  Fingers 


Optimum 


0.75"  1.0" 

(19mm)  (25mm) 


Use  by  bare  finger 


•’Use  by  gloved  finger 


tUsing  a  lever  lock  toggle  switch 


Figure  11.  TOGGLE  SWITCHES 


MF I  RECOMMENDED  MODIFICATION 


rationale/references 


5. 4. 3. 1.4 


>le  Switch  Controls 


5. 4. 3. 1.4.1  Application  -  Toggle  switches  may  be  used  for  func-  Allows  use  of  toggle  switches  but 

tions  which  require  two  discrete  positions.  They  may  also  be  docs  hot  give  them  preference 

used  for  three  discrete  positions  but  a  rotary  selector  or  push  over  other  types  of  controls  for 
button  array  is  usually  preferred  for  this  application.  the  same  function. 

5.4.3. 1.4.2  Prevention  of  Accidental  Activation  -  When  the  pre¬ 
vention  of  accidental  activatio'rr is  o'F  primary  importance  (i.e., 
critical,  dangerous  or  hazardous  conditions  would  result), 
channel  guards,  lif t-to-unlock  switches,  or  any  other  equivalent 
means  shall  be  provid’.d. 

5.4. 3.1.4. 3  Dimensions,  Displacement  and  Separation  -  Dimensions,  Displacement  requirements  were  relaxed 

displacement,  and  separation  Tie tween  adjacent  toggle  switches  in  some  instances  on  basis  of  pro- 

shall  conform  to  the  criteria  in  Table  fessional  judgment. 

5. 4.3.1. 4. 4  Actuating  Force  -  Except  for  the  case  of  a  three- 
position,  spring-centering  switch,  toggle  switches  should  "snap" 
into  position,  with  an  audible  "click"  to  provide  positive  feedbac t 
that  the  switch  has  been  activated  properly.  The  force  require¬ 
ment  should  gradually  increase  with  displacement  then  drop  as  the 
switch  snaps  into  position.  The  switch  shall  not  be  capable  of 
being  stopped  between  positions.  The  range  of  actuating  force 
shall  be  between  2.8  N  to  11  N  (10  to  40  ounces)  depending  on 

the  length  of  tHe  switch  handle. 

5. 4. 3 .1.4. 5  Switch  Orientation  -  Toggle  switches  used  for  ON-OFF  Clarifies  orientation  relationships, 

functions  shall  be  oriented  so  that  the  handle  moves  in  a  vertical 
plane  unless  there  is  a  special  requirement  for  the  switch  to 
move  laterally  (i.e.,  due  to  a  lack  of  panel  space,  to  reflect 
a  left-to-right  relationship  to  some  display,  etc,).  The  ON 
position  shall  be  up,  forward,  or  to  the  right.  When  toggle 
switches  are  located  on  panels  that  slope  as  in  "wrap-around" 
or  "stacked"  workplace  arrangements ,  switch  orientation  and 
movement  shall  conform  to  criteria  in  Figure _ . 
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Toggle  Switches  (Continued) 


APPLICATION  CRITERIA 


OESICN  CRITERIA 


DIMENSIONS 


DISPLACEMENT 


SEPARATION 


TWO-POSITION  SWITCHES  ONLY  WHEN 
VISUAL  RECOGNITION  OF  SWITCH 
POSITION  MANDATORY. 


three-position  switches. 


sioe  er  side  arrangement  vertical 

DISPLACEMENT. 


TIP  TO  TIP  SEPARATION 


VERTICAL  ARRAYS 


0  -  DISPLACEMENT 
ANGLE  MIN.  s  25* 
PREFERRED 


-  DISPLACEMENT 

MIN  5  17# 

PREFER  -  25* 


S  -  CTR-CTRis 
MIN  s  O./S" 

0.9  CH> 

MAX  FOR  SIMULTAN¬ 
EOUS,  MULTI-FINGER 
USE  s  1.25” 

(2.86  CM) 


5  -  MIN  r  1,0” 
(2.54  CM) 


5  -  KIN  s  1.0”" 
(7.54  CM) 


•‘NOTE:  ADO  0.5” 
FOR  GLOVES 


166 
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Toggle  Switches  (Continued) 


APPLICATION  CAITEAIA 


TYPICAL  TWO-STEP  INTEALOCKING  SAFETT 
SWITCH. 


ALTEANATE  COVEA  CUAAO  SWITCH.  COVEA  : 
EASILY  COLON. COOEO.  NOT  APPLICAILE 
POA  HINIATUAE  TOCCLES. 


*  Generally avoid  t/ns  area  aft  of 
operators  eye  ref, but  when  usecf 
treat  as  thouqh  operator  is 
fa c/na  to  the  nijht. 


Toggle  Switch  Orientation  for  'ON 


MFI  RECOMMENDED  MODIFICATION 
5. 4. 3. 1.5  Rocker  Switch  Controls 

5. 4. 3. 1.5.1  Application  -  Rocker  switches  may  be  used  for  func¬ 
tions  which  require  two  discrete  positions,  as  an  alternate  to 
toggle  switches.  They  should  be  considered  for  applications 
where  the  toggle  switch  handle  protrusion  might  snag  the  operator'! 
sleeve  or  phone  cord,  or,  where  there  is  insufficient  panel  space 
for  separate  labeling  of  switch  positions.  (Rocker  switches  are 
somewhat  vulnerable  to  accidental  operation  by  brushing-type 
contacts,  however.) 

5. 4. 3. 1.5. 2  Dimensions,  Displacement  and  Separation  -  Dimensions, 

displacement  and  separation  betwenen  adjacent  rocker  switches  shal 
conform  to  the  criteria  in  Table _ 

5.4.3. 1.5.3  Actuating  Force  -  The  switch  should  "snap"  into  posi¬ 
tion,  with  an  audible  "click"  to  provide  positive  feedback  that 
the  switch  has  been  activated  properly.  The  force  required  should 
gradually  increase  with  displacement,  then  drop  as  the  switch  snap! 
into  position.  The  switch  shall  not  be  capable  of  being  stopped 
between  positions.  The  range  of  actuating  forces  shall  be  between 
2.8  N  to  11 N (10  to  40  ounces). 

5. 4. 3. 1.5. 4  Orientation  -  Rocker  switches  used  for  ON-OFF  func¬ 
tions  shall  be  oriented  so  that  the  handle  moves  in  a  vertical 
plane,  except  in  special  cases  where  a  lateral  motion  is  to  be 
related  fo  a  right-left  display  relationship.  The  ON  position 
shall  be  up,  forward,  or  to  the  right.  Three-position  rocker 
swtiches  shall  not  be  used; 

5. 4. 3. 1.5. 5  Color  and  Illumination  -  Alternate  colors  may  be 
used  to  denote  the  Oil  and  OFF  portions  of  a  rocker  switch. 
Alternate  illumination  of  either  the  ON  or  OFF  switch  position 
may  be  used  to  provide  positive  recognition  of  which  position 
the  switch  is  in.  For  other  color  coding  considerations, 
see  5.2.2.1.18. 


rationale/references 

Rocker  switches  are  common  these 
days  and  were  not  covered  in  the 
original  document  at  all. 


Professional  judgment; 


> 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5. 4. 3.2.1  Levers  - 

5. 4. 3. 2. 1.1  Appli cation  -  Levers  way  be  used  wnen  large  amounts  of 
force  or  displacement  ire  involved  or  when  mul tidinensional  movements 
of  controls  are  required. 

5. 4. 3. 2. 1.2  Coding  -  When  several  levers  are  grouped  in  proximity  to 
each  other,  the  lever  handles  shall  be  roded. 

5. 4. 3. 2. 1.3  labeling  -  './hen  practicable,  all  levers  shall  be  labeled 
as  to  function  and  direction  of  motion. 

5. 4. 3. 2. 1.4  LjVb_Suppqri  -  When  levers  will  be  used  to  make  fine  or 
continuous  adjustments.  Support  shall  be  provided  '"or  the  appropriate 
limb  segment  as  follows: 


a. 

For 

large  hand  movements:  elbow 

b. 

For 

small  hand  movements:  forearm 

c. 

For 

finger  movements:  wrist. 

5. 4. 3. 2. 

1.5 

Dj pensions  -  The  leivjfj  of  ! e - < 

the  mechanical  advantage  needed,  wnen  the  lever  oi  >;rip  handle  is 
spherical,  its  diameter  snail  :cnlom  with  Figure  13. 


5. 4. 3. 2. 1.6  Resistance  -  Toe  resistance  incorporated  ir.  levers  shall 
be  within  the  limits  indicated  in  Figure  13  measured  os  linear  force 
applied  to  a  point  on  the  handle.  NOTE:  The  right  hand  can  apply 
slightly  wore  force  than  the  left,  but  the  difference  is  not  significant. 
The  same  amount  of  push-pull  force  can  be  applied  when  the  control  is 
|  along  the  median  plane  of  the, body  as  when  it  is  directly  in  front  of 
the  arm,  7  inches  (180  inm)  from  the  median  plane.  When  the  control  is 
placed  in  front  of  the  opposite  (unused)  arm  only  75  percent  as  much 
force  cap  be  applied.  When  the  control  is  10  to  19  inches  (250  to 
480  mm)  forward  of  the  neutral  seat  reference  point,  twice  as  much  push- 
pull  force  can  be  applied  with  two  hands  as  with  one-hand  operation. 
Outside  this  range  two-hand  operation  becomes  less  effective. 


This  section  omits  many  requirements 
which  should  be  stated  for  levers. 

Applications  statement  not  sufficiently 
comprehensive. 

Not  all  closely-grouped  levers  should 
be  coded. 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


MbXlfftV* 
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MFI  RECOMMENDED  MODIFICATION 


rationale/references 


5. 4. 3. 2.1  Levers 

3. 4. 3. 2. 1.1  Application  -  Lever-type  controls  may  be  used  when 
large  force  or  displacement  is  involved,  as  an  alternate  control 
interface  for  electrical  switching  when  it  may  be  more  cost- 
effective  to  provide  direct  mechanical  linkage  between  the  con¬ 
trol  and  controlled  element,  or  when  multidimensional,  mechanical 
or  electro-mechanical,  multi-stage  control  modes  are  required 
(e.g.v  gear  shift).  Lever-type  controls  3hould  not  be  used  where 
very  precise  electrical  outputs  are  required  (i.e..  in  lieu  of  a 
precision  electrical  adjustment,  where  a  rotary  controller  is 
mroe  appropriate). 

Levers  should  be  considered  for  the  following  general  classes 
of  control: 

a.  Braking  (e.g.,  mechanical) 

b.  Mode  Selection  (e.g.,  environmental  system) 

c.  G'ear  Selection  (e.g.,  vehicle/machine  transmission) 

d.  Gross,  Continuous  Adjustment  (e.g.,  temperature,  audio 
volume,  throttle,  etc.) 

e.  Steering  (e.g.,  joystick,  tracked  vehicle,  etc.). 

5. 4. 3. 2. 1.2  Location,  Position,  Direction  and  Range  of  Movement  - 
The  location,  position  relative  to  the  operaWrr  and:  <iirection~and 
range  of  lever  movement  shall  be  compatible  with  operator  reach, 
mobility,  natural  movements  and  strength  capabilities .  In  addi¬ 
tion,  direction  of  motion  requirements  nofed  in  5.1.3  shall  be 
observed.  When  high  forces  are  required  of  the  operator,  the 
lever  handle  shall  be  located  between  waist  and  shoulder  levels, 
and  the  force  should  normally  be  applied  in  a  pulling  direction. 

5. 4.3. 2.1'. 3  Limb  and  Body  Support  -  When  levers  will  be  used  to 
make  fairly  precise  or  continuous  adjustments.,  support  shall  be 
.provided  for  the  appropriate  limb  segment  as  follows: 


MFl  RECOMMENDED  MODIFICATION  RATIONALEt'REFERENCES 

a.  For  large  hand  movements,  support  the  elbow. 

b.  For  small  hand  and  wrist  movements,  support  the  forearm. 

c.  For  finger  movements,  support  the  wrist. 

5. 4. 3. 2. 1.4  Force  Requirements  -  The  forces  required  for  movement  See  MIL-F-8785  (ASG). 
of  levers  shall  be  within  the  limits  indicated  in  Table 

(measured  as  linear  force  applied  to  a  point  on  the  lever  'handle-, 
and/o"  in  conformance  with  criteria  provided  in  Figure  15.  For 
joystick  controls,  elastic  resistance  which  increases  with  dis¬ 
placement  may  be  used  to  improve  "stick  feel" . ) 

5. 4. 3. 2. 1.5  Detents  -  When  levers  are  used  as  "selector"  control-  Adds  a  requirement  for  detents, 
lers,  mechanical  detents  shall  be  provided  (in  addition  to  panel 

labels  or  markings)  to  provide  tactile  feedback  indicating  that 
the  lever  is  positively  positioned  at  designated  settings.  Detent:; 
and  panel  markings  shall  coincide  precisely. 

5. 4. 3. 2. 1.6  Non-Slip  Handles  -  Surfaces  of  lever  handles  shall  Adds  a  requirement  for  non-slip 

provide  sufficient  friction  (i.e.,  by  means  of  the  specific  handles. 

material  used,  and/or  addition  of  serrations  cr  knurling)  to 
reduce  the  probability  of  the  operator's  hand  or  fingers  slipping 
while  operating  the  lever. 

5. 4. 3. 2. 1.7  Dimensions.  Displacements  and  Separation  -  Lever  Ref:  Van  Cott.  Human  Engineering 

dimensions,  displacement  and  separation  shall-  conform  to  criteria  Guide  !tb  Equipment  Design, 

in  Table  1972,  pp.  J69-7CT. - 

5. 4. 3. 2. 1.8  Marking  and  Labeling  -  Where  appropriate,  lever 
handles  shall  be  marked  and/or  labeled  for  ease  of  positioning 
and  identification  (see  5.5). 

5. 4. 3. 2. 1.9  Coded  Handles  -  Color  and/or  shape  coding  may  be  used  Refers  to  AFSC  requirements  for 
when  it  is  important  for  ».he  operator  to  quickly  identify  and/or  coding;  prohibits;  sharp  corners, 
differentiate  among  critical  controls  of  several  controls  that  may 

be  grouped  in  proximity  to  each  other.  When  shape  codes  are  used,j 
they  shall  be  designed  so  that  they  do  not  interfere  with  the 
basic  requirements  for  ease  of  manipulation,  and  sb.all  be  free 
of  sharp  corners  that  could  result  in  operator  injury  in  the  event 
of  violent  contact  by  the  operator.- 


APPLICATION  CRlTEAtA 


rattKlilBKiai 


DISPLACEMENT 


5UOC-LEVERS  MAT  86  USED  FOR  LOW- 
FORCE,  CONTINUOUS  ADJUSTMENT  OR 

CROSS  MODE  SELECTION  <00  NOT  USE 

FOR  PRECISE-SETTING >. 

HANDLES  SHOULD  BE  ” TAB V-SHAPED,  WITH 
LONG  DIMENSION  PERPENOTCULAR  TO 
MOTION  AXIS  <E.G.,  TO  SERVE  AS.-A 
POINTER). 

D  -  M|N  S 
0.5” 

<1.5  CM) 

OR 

0.75” 

<1.9  CM) 
WITH  GLOVES 

MOVEMENT  AXIS-MAY  BE  UP-DOWN, 

LATERAL  OR  FORE-AFT.  FUNCTIONAL 
INCREASE  SHALL  BE: 

— 

.  UP 
.  RIGHT 
.  FOR WAR 0 

- 

BANKED,  SLIDE-LEVER  ASSEMBLIES  MAY  BE 
USED  FOR  ELECTRICALLY  ANO  OR  MECHAN¬ 
ICALLY  CONNECTED  SELECTOR  OR  ADJUST¬ 
MENT  FUNCTIONS,  TO  PROVf DE  RAP ID 
VISUAL  CHECK  OF  RELATED  SETTINGS. 

SAME  AS 

ABOVE 

NOTE :  RESISTANCE  FOR  ABOVE  CONTROL 
TYPES  SHOULD  BE;  ’ 

MIN  -  10  02.  <2.|  N) 

MAX  -  40  OZ, -CliO N> 

* 

’ 

; 

. 

0.25” 
<0.64  CM) 


H  -  MIN.  = 
0.625” 
1.59  CM) 


S  -  MIN  r  0,75” 
Cl. 9  CM)  OR  1.0” 
'  C2  i$*»  CM)  WITH 
CLOVES 


SAME  AS 
ABOV? 


SAME  AS 
AtOVC 


SAME  AS- ABOVE 
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-  Levers  (Continued) 
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Table 


-  Levers  (Continued) 


APPL  [CAT  ION~CR  I  TER  I A 


gear-shift  lever* 


OES1CN  CRITERIA. 


01 WENS  IONS 


displacement 


SEPARATION 


manual  transmission: 

LOCATE  F0R:RIGHT  HAND  OPERATION 


RESISTANCE:  APPROX.  2-30-L6. 
(9-1)3  N) 


O-KNOB  DIA¬ 
METER  = 
l.?5- 


TWEF.N  01SCRETE 
POS'NS  s  2 . O'* 
(12.9  CM);  MAX. 
TOTAL  =  8.0" 
(20.52  CM) 


automatic  transmission;  >o-mano(.e 

(Bj  PREFERRED;  9^  ACCEPTABLE) .  .  'OIAM  r 

-oetenteo  pos*n$  rqo.:: 

A.  OTHER  FUNCTIONS:  cXL^i'o"-1’ 

1.  TURN. SIC  -  ROTATE  ABOUT  COLUMN;  1.2S"  IF 
CW  i.R-TURN,  CCW  =-LEFT  TURN  SPHERICAL 

2.  HEADLIGHT  DIMMING  -  LEVER  MOVES 
TOWARD “BOTTOM ’OF ^COL -  FOR 
"DIM". 

LETTERS^ SHALL  ILLUMINATE  TO-,!NOI-  :  ~  “ 

CATC  POS'N  OF  LEVER 

RESISTANCE:  APPROX.  1-10  LB. 

CL. R -49  n) 


C -FINGER 
CLEARANCE 
BETWEEN 

levers  and 

WHEEL  RIM  s 
MIN.  7.0" 
(5-1  CM) 


iEAR  SHIFT  -  MIN. 
BETWEEN  POS'NS  5 
1.0"  -(2.-59  CM)  FOR- 


IESEARCH  DATA  NOT 
AVAILABLE  BUT  RE- 
COMMEND  1.0-2. 0" 
:<?-59t).1  CM)  BE¬ 
TWEEN  OE  TENTS. 


"IT  SHALL  RE  IMPOSSIBLETO  LEAVE 
GEAR-LEVER  BETWEEN  POS'NS  .J$E  PAJU  T{ 
HOTIONrR0&  TO  POSITIONLEVER  IN  ' 
REVERSE  (I.E.,  LIF-T-OR  PRESS  THUMB 
BUTTON). 


I 


MF I  RECOMMENDED  MODIFICATION 


rationale/references 


5. 4. 3. 2. 2  Push-Pull  Controls 

5. 4. 3.2.2. 1  Applications  -  Push-Pull  controls  may  be  used  when 
two  discrete  functions  are  to  be  selected.  However  such  applica¬ 
tions  should  be  used  sparingly  and  for  applications  in  which  such 
configurations  are  typically  expected  (e.g.,  vehicle  headlight 
switch,  choke,  etc.).  They  may  also  be  used  in  certain  cases 
where  limited  panel  space  suggests  a  miniaturized  knob  that  may 
be  used  to  serve  two  related,  but  distinct  functions  (e.g.,  an 
ON-OFF/Volume  switch  for  a  T.V.  monitor^.  A  three-position  push- 
pull  control  is  acceptable  in  isolated  instances  where  the 
criticality  of  inadvertent  selection  of  the  wrong  position  has 

no  serious  consequences  (e.g.,  the  typical  vehicle  headlight  switcl 
configuration  that  provides  three  "pull"  positions  (e.g.,  OFF/ 
Park/Head.light)  plus  a  rotary  panel  light  and  dome  light  switch). 

5 . 4 . 3 . 2 . 2 . 2  Handle  Dimensions.  Displacement  and  Clearances  - 
Push-Pull  control  handles  shall  conform  to  criteria  in  table 

5.4. 3. 2. 2. 3  Rotation  -  Except  for  combination  push-pull/rotate 
switch  configurations,  push-pull  control  handles  shall  be  keyed 
to  the  shaft  so  they  do  not  rotate,  unless  the  control  is  to  be 
used  for  a  special  handbrake  application,  in  which  case  the  handle, 
is  rotated  to  disengage  the  brake  setting.  When  the  control 
system  provides  a  combination  push-pull/rotate  functional  operas 
tion,  a  round  knob  style  is  used,  the  rim  of  the  knob  shall 

be  serrated  to  denote  (visually  and  tactually)  that  the  knob  has 
the  capability  of  being  rotated. 

5. 4. 3. 2. 2. 4  Detents  -  Mechanical  detents  shall  be  provided  push- 
pull  control  configurations  and  these  shall  provide  sufficient 
tactile  indication  of  positions  that  the  operator  is  not  in  doubt 
as  to  when  the  control  is  "in-position". 

5. 4. 3. 2. 2. 5  Snagging  and  Inadvertent  Contact  -  The  following 
shall  be  considered  in  determining  whether  to  use  push-pull  type 
controls,-  where  they  should  be  located  and  in  what  direction  the 
operating  axis  should  be: 

a.  Possibility  of  bumping  a  control  while  getting  into  or 
out  of  the  operator  position  (e.g.,  as  in  a  vehicle). 


This  type  of  control  is 
not  presently  covered  by 
1472B .  Such  controls  are 
typical  in  vehicular 
systems  and  therefore 
should  be  included. 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipmen t 
Designers,  1966,  p.  2- 

Serration  of  rim  on  knobs  which 
rotate  as  well  as  pull  maintains 
compatibility  with  requirement  for 
serration  of  all  continuously- 
adjustable  knobs. 


b. 
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Possibility  of  snagging  clothing,  communication  cables, 
or  other  equipment  items  on  the  control. 


rationale/references 


c.  Possibility  of  inadvertently  deactivating  the  control 
setting  as  the  operator  reaches  for  another  control. 


5. 4. 3. 2. 2. 6  Direction  of  Control  Motion  -  Control  direction  shall 
be  as  follows: 

a.  Pull  towards  the  operator  for  ON  or  activation;  push  away 
for  OFF  or  deactivation. 


Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipment 
Designers,  196^,  p.  2-lol. 


b.  Rotate  to  the  right  for  activation  or  increasing  function 
in  the  case  of  combination  pull/rotary  switches.  An 
exception  shall  be  permitted  in  the  case  of  certain  con¬ 
temporary  automotive  switches  (e.g.,  combination  head¬ 
light,  parking  light  and  panel/dome  light  switch). 


5. 4. 3. 2. 2. 7  Force  Requirements  -  Preferred  maximum  forces  for 
pulling  a  panel  control  with  fingers  should  be  17.8  N  (4  lbs.); 
for  pulling  a  T-bar  with  four  fingers  the  maximum  should  be  44  N 
(10  lbs.). 
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5 . 4 . 3 . 2 . 3  Integral,  Handle-Mounted  Controls 

5. 4. 3. 2. 3.1  General 

5.4.3. 2 .3 . 1 . 1  Application  -  Handle-mounted,  auxiliary  controls 
may  be  integrated  into  the  handles  of  primary  controllers  such 
as  joysticks,  equipment  such  as  cameras,  power  tools,  etc.,  when 
such  integration  enhances  the  simplicity  and/or  efficiency  and 
safety  of  system  operation. 


NEW:  These  types  cf  controls  are 
not  presently  covered  by 
1472B ,  although  they  are 
used  quite  extensively  in 
military  systems. 


5.4. 3. 2. 3. 1.2  Number  of  Controls  -  The  number  of  controls  inte¬ 
grated  into  a  handle  shall  not  exceed  three  (e.g.,  a  trigger,  plus j 
two  thumb-operated  switches  in  a  joystick  handle)  unless  specified 
by  the  procurement  specification  or  upon  specific  approval  by  the 
procuring  agency. 


A  limit  of  3  is  needed  to  prevent 
designers  from  going  overboard  and 
implementing  too  many  functions 
in  a  single  control  mechanism, 
based  on  professional  judgment. 


5. 4. 3. 2. 3. 1.3  Inadvertent  Input  -  The  type  of  auxiliary  switch, 
its  motion  characteristics  and  location  shall  be  such  that  movemeni: 
of  the  auxiliary  switch  will  cause  minimal  probability  that  the 
primary  control  or  equipment  operation  and/or  positioning  is 
inadvertently  disturbed. 

5. 4. 3. 2. 3. 2  Thumb  Switches 

5. 4. 3. 2. 3. 2. 1  Switch  Types  -  Push  buttons,  slide,  or  rotary 
thumb  switches  may  be  used  as  appropriate  for  any  of  the  follow¬ 
ing  switch  modes: 


a.  Push  button:  ON-OFF  (e.g.,  communication). 


b.  Two-dimensional  toggle:  two-axis,  spring,  centering 
(e.g.,  aircraft  trim). 


c.  Slide  switch:  single-axis  ON-OFF,  momentary  ON  plus 
ON-Hold  (e.g.,  safety  switch  for  hand-held  power  tool). 

d.  'Rotary  thumb  wheel:  rotary  selector  (maximum  of  three 
positions),  continuous  adjustment  (e.g.,  audio  volume). 

Other  auxiliary  thumb-operated  control  applications  shall 
be  subject  to  the  approval  of  the  procuring  agency. 


f 

j 

I 

I 

1 
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5.4 .3 .2.3 -2'. 2  Location  and  Operation  -  Thumb  switches  shall  be 
positioned  and  operate  in  a  fashion  that  is  compatible  with 
comfortable  and  natural  thumb  articulation  limits,  considering 
the  total  range  of  hand  sizes  for  the  expected  user  population, 
and  constraints  imposed  by  the  wearing  of  gloves. 

5. 4. 3. 2. 3. 2. 3  Actuating  Force  -  The  actuating  force  required  shai: 
not  exceed  limits  for  push  buttons,  slides  or  thumbwheels  as 
specified  in  other  sections  of  this  standard. 

5. 4. 3. 2. 3. 2. 4  Dimensions  and  Displacement  -  Dimensions  and  dis-  Professional  judgment,  based  on 

placement  of  handle-mounted,  auxiliary,  thumb  switches  shall  anthropometric  relationships, 

conform  to  criteria  in  Table _ . 

5. 4. 3. 2. 3. 3  Index  Finger-Operated  Switches  and  Triggers 

5.4. 3. 2. 3. 3.1  Application  -  Index  finger-operated,  auxiliary  Incorporates  population  stereotypes 

handle-mounted  controls  should  be  used  for  typical  "trigger"  with  respect  to  use  of  triggers, 

operations  (e.g.,  weapon  firing,  camera  film  operation,  power 

tool  motor  activation,  etc.).  Since  the  operator  typically 
expects  to  use  the  index  finger  for  these  types  of  functions, 
other  index  finger  operations  shall  not  be  implemented  without 
express  approval  of  the  procuring  activity. 

5. 4. 3. 2. 3. 3. 2  Location  and  Operation  -  Trigger  controls  shall 
be  located  and  operate  in  a  manner  that  is  compatible  with  the 
inherent  limitations  for  using  the  basic  control  handle;,  i.e., 
the  operator  shall  not  be  required  to  shift  his  or  her  hand 
from  the  normal  hand  grip  position  in  order  to  actuate  the 
trigger.  If  the  trigger  must  be  operated  simultaneously  while 
holding  another  auxiliary  switch  (safety),  location  and  operation 
of  both  controls  shall  be  such  that  the  operator  can  comfortably 
and  naturally  activate  both  controls  without  inadvertently  dis¬ 
turbing  the  primary  handle  positioning  or  aiming.  Special  con¬ 
sideration  shall  be  given  to  restrictions  that  may  be  imposed 

by  handware  effects  on  finger  reach  and  mobility. 
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5.4.3.2.3.3.3  Actuating  Force  -  Trigger-pull  characteristics,  in¬ 
cluding  force  profile  tor  trigger  displacement  shall  be  as 
specified  by  the  procurement  agency.  Unless  otherwise  directed  by 
the  procuring  activity,  trigger  response  shall  be  "even”  through¬ 
out  trigger  pull,  i.e.,  breakout  vs.  steady-state  shall  be  approx¬ 
imately  equal  with  no  apparent  "build-up"  prior  to  final  contact 
with  the  mechanical  stop. 


No  research  data  on  trigger 
resistance  and  dynamic  character¬ 
istics  could  be  found-. 


5 .4.3 .2 .3 .3 .4  Safety  -  Inadvertent  trigger  operation  shall  be 
minimized  through  proper  use  of  trigger  guards,  safety  latches 
or  other  means  to  prevent  (1)  inadvertent  operation  during 
non-operating  modes  (i.e.,  storing  or  carrying)  and  (2)  inadver¬ 
tent  operation  during  primary  f irmg/operating  modes  (i.e., 
trigger  activation  before  the  operator  is  "ready". 

5 .4.3 .2 .3 .3 .5  Dimensions,  Displacement  and  Clearance  -  Tiigger  Professional  judgment  based  on 

dimensions,  displacement  and  clearance  limits  shall  conform  to  anthropometric  relationships, 

criteria  in  Table _ 

5. 4. 3. 2. 3. 4  Grip-Actuated  Switches 

5 .4. 3 .2 .3 .4. 1  Application  -  Handle-mounted  grip  switches  shall 
be  used  only  for  discrete  ON-OFF  enabling  functions  with  respect 
to  (1)  a  trigger  mechanism,  or  (2)  control  outputs  from  a  joy¬ 
stick-type  device-. 

5.4.3;2.3.4.2  Dimensions,  Displacement  and  Actuating  Force  -  The 
grip-actuated  switch  shall  be  compatible  with  the  natural  place- 
ment  and  contour  of  the  operator's  hand  palm,  as  it  conforms  to 
the  handle  during  use  of  the  primary  handle  manipulation  (i.e,, 
for  moving  a  joystick,  positioning  a  tool  or  camera).  The  switch 
tab  should  be  approximately  3  inches  (7.6  cm)  long  by  (K375  inches 
(0.95  cm)  wide,  and  rounded  edges.  Switch  displacement  shall  be 
between  0.125  and  0.25  inches  (0.3-0. 6  cm).  Actuating  force 
!  requirement  shall  not  exceed  5.0  lbs.  (22.5  N),  nor  be  less  than 
10  oz.  (2.7  N). 
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4 • 4  Two-Axis  Controllers  for  Display  Svstem  Applications 

1  • ■  4  •  1  General  -  Display  systems  requiring  a  single  operator 
o  make  control  movements  along  two  orthogonal  coordinate  axes 
imu'ltaneouslv  should  utilise  one  of  the  following  types  of 
ontrollers simultaneously-operated  handcranks,  ball  control, 
loys tick ,  grid  and  stylus  devices,  pantograph,  or  free-moving 
y  controller  (Mouse).  Selection  should  be  made  on  the  basis 
t  matching  controller  characteristics  with  system  requirements, 
oe  Table _  and  paragraphs  5. 4. 4. 2  through  5. 4. 4, 9. 

:•  4-  4 . 2  Simul  taneous  lv-Ooera  ted  Handcranks  ; 

>4. 4. 2.-1  Application  -  Simultaneously-operated  handcranks  should 
f-  used  in  preference  to  other  two-axis  controllers  where  extreme 
recisror.  i*s  required  in  setting  crossha  i-s  or  reticles  as  in 
ap  readouts  or  optical  sighting  mechanisms.  This  type  of  control 
ay  also  be  used  in  other  applications  requiring  x  and  y  control 
ovided  there  is  no  -requirement  for  rapid  or  frequent  operation. 

.4.4.2. 2  Dynamic  Charactcris tics  -  The  dynamic  characteristics 
l  si,  mu  l-taneou  sly  ope  r  a  toil  handcranks  shall  be  the  same  as  thos° 
pecified  for  single  cranks  in  paragraph  5. 4. 2. 2. .2  and  figure  7  7  i 
iie^  gear  ratio  and  dynamic  characteristics  of  the  cranks  shal  l  ho  i 
uc'n  aj  to  allow  precise  placement  of  the  follower  (e.g,.,  cross-"  ; 
airs)  without  overshooting  or  undershooting  and  successive  j 

orrective  movements..  i 


rationale/references 

This  is  a  new  section  which  presents 
requirements  ®or  two-axis  controllers 
which  are  used  in  conjunction  with 
displays.  It  cov. rs  simul taneously- 
■operated  handcranks,  ball  controls, 
isometric  joysticks,  isotonic  joy¬ 
sticks,  free-moving  xy  controllers, 
light  pens,  and  stylus  actuated 
'devices.  The  coverage  includes 
■'applications,  dynamic  character¬ 
istics  ;  and  dimensions  and  mounting. 


Simul taneously-opera ted  handcranks 
are  preferred  for  precision  because 
there  is  no  cross-coupling  between 
the  axes  as  is  the  case  with  a 
single  device  operating  in  both 
axes  of  movement. 


.4. 4. 2.3  Dimensions  -  The  dimensions  for  handcranks  shall  be 
s  indicated  in  figure  7. 

■  4.4.3  P.a  1 1  Control.  (Also  known  as  track  ball,  ball  tracker, 
oybal 1 ,  and  rolling  ball . ) 

.4. 4  .,3 . 1  Applica tion  -  A  hall  control,  suspended  on  low-friction 
sanngs  may  pe  used  for  various,  control  functions  such  as  data 
ickof-f  on  a  display.  The  ball  control,  because  of  it's  inherent 
asitional  stability  is  particularly  well  suited  for  use  on  moving 
lacforms..  The  ball  control  cannot  provide  an  automatic  return 
?  point  of  origin,,  hence  if  used  in  applications  requiring 
,itomar.ic  return  to  origin  following  an  entry  or  readout,  the 


This  is  necessary  new  material 
because  of  the  extensive  use  of 
ball  controls. 
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interfacing  system  much  provide  this.  Because  the  ball  can  be 
rotated  without  limit  in  any  direction  it  is  well  suited  for 
applications  where  there  may  be  accumulative  travel  in  a  given 
direction.  In  any  application  which  would  allow  the  ball  to 
drive  the  follower  on  the  display  off  the  edge  of  the  display, 
indicators  shall  be  provided  to  advise  the  operator  how  to  bring 
the  follower  back  onto  the  display.  Ball  controls  should  not 
be  used  for  velocity  control  or  in  rate-aided  control  systems. 


When  controlling  velocity  it  is 
important  to  know  where  the  zero- 
zero  point  is  physically  lcoated. 
The  bail  cannot  provide  this,  but 
the  centered  position  of  a  joy¬ 
stick  does  provide  it. 


5. 4. 4. 3. 2  Dynamic  Characteristics  -  The  ball  control  shall  be 
capable  of  rotation  in  any  direction  so  as  to  generate  any  com¬ 
bination  of  x  and  y  output  values.  When  moved  in  either  the  x  or 
y  directions  alone  there  shall  be  no  apparent  cross-coupling 
(follower  movement  in  the  orthogonal  direction).  For  applications 
requiring  precise  control,  ball  controls  shall  have  frictional 
resistance  of  less  than  1  N  (3.5  oz.).  For  ball  controls  used 
under  vibration  or  acceleration  conditions,  frictional  resistance 
,  may  be  increased  to  1.7  N  (6.0  oz.).  Neither  backlash  nor  cross- 
coupling  shall  be  apparent  to  the  operator  in  manipulating  it. 

I  Control  ratios  and  dynamic  features  shall  be  designed,  to  meet 
i  the  dual  requirement  of  rapid  gross  positioning  and  smooth,  pre¬ 
cise  fine  positioning.  Ball  controls  should  be  used  only  as 
position  controls  (i.e.,  a  given  movement  of  a  gall  makes  a 
proportional  movement  of  the  follower  on  the  display). 


Professional  judgment. 


5. 4. 4. 3. 3  Dimensions  and  Mounting  -  The  diameter  of  the  ball 
shall  be  between  5  cm  (2.0  inches)  and  15  cm  (6.0  inches)  depend¬ 
ing  upon  the  application  and  mode  of  operation  to  be  used.  The 
smaller  diameters  should  be  used  only  where  space  availability 
is  tight  and  when  there  is  no  need  for  great  precision.  A  dia¬ 
meter  of  approximately  10  cm  (4.0  inches)*  is  preferred  for  most 
applications.  The  preferred  mounting  for  the  ball  control  is  in 
a  horizontal  surface  such  as  a  shelf  or  desk  cop  as  shown  in 

Figure _ .  .  The  exposed  ball  surface  should  be  between  100°  and 

140°  with  120°  preferred. 

5. 4. 4. 4  'Isometric  Joystick  -  (Also  known  as  stiff  stick,  force 
stick,  or  pressure  joystick) . 


5. 4. 4. 3. 3  These  requirements  are 
comparable  with  the  characteristics 
of  devices  manufactured  by 
Measurement  Systems,  Inc.,  a 
highly  regarded  vendor  in  this 
area . 

Exposure  of  too  much  ball  surface 
would  allow  application  of  force 
at  points  on  the  ball's  surface 
where  the  resulting  torque  would 
be  substantially  reduced.  Exposing 
too  little  of  the  ball  surface 
would  limit  the  movement  of  the 
hand  to  needlessly  small  excursions. 
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5. 4. 4.4.1  Application  -  The  isometric  joystick  may  be  used:  for 
control  of  various  display  functions  such-  as  data  ;pickoff  from 

a  CRT.  In  rate  control  applications  which  may  allow  the  follower 
to  transit  beyond  the  edge  of  the  display,  indicators  shall  be 
provided  in  order  to  advise  the  operator  how  to  bring  the  follower 
back  onto  the  display.  Isometric  joysticks  are  particularly 
appropriate  for  applications:  (1)  which  require  return  to  center 
after  each  entry  or  readout;  (2)  in  which  operator  -feedback  is 
primarily  visual  from  some  system  response  rather  than  kinesthetic 
from  the  stick  itself;  and  ,(3j  where  there  is  minimal  delay  and 
tight  coupling  between  control  input  and  system  reaction.  Iso¬ 
metric  sticks  should  ordinarily  not  be  used  in  any  application 
where  it  would  be  necessary  for  the  operator  to  maintain  a  con¬ 
stant  force  on  the  stick  so  as  to  generate  a. constant  output  over 
a  sustained  period  of  time. 

5. 4.4. 4.2  Dynamic Jlha rac tevis tic  -  The  isometric  stick  shall 
have  minimal  deflection  in  response  to  applied  force,  except 
that  it  may  deflect  perceptibly  against  a  stop  at  full  applied 
force.  The  x  and  y  output  should  roughly  approximate  the  magni¬ 
tude  of  the  applied  force  as  perceived  by  the  operator.  Maximum 
force  for  full  output  with  fingertip  operation  shall  not  exceed 
44  N  (10  lbs.).  For  hand-grasped  joysticks  maximum  force  for 
full  output  shall  not  exceed  119  N  (26.7  lbs.).  One  or  mote 
switches  actuated  either  by  thumb  or  finger  pressure  may  be 
integrally-mounted  if  compliant  with  5. 4. 3. 2. 3. 

5. 4. 4. 4. 3  Dimensions  and  Mounting  -  Simple  isometric  joysticks 

(without  integral  switching)  used  in  display  systems  should  be 
of  the  finger-grasped  shape  and  should  be  not  more  than  12  cm 
(4.7  inches)  in  shaft  length  and  1.5  cm  (0.6  inches)  in  diameter. 
When  integral  switching  is  required,  the  hand-grasped  shape  should 
be  used,  with  limiting  dimensions  of  11  cm  (4.3  inches)  and  18  cm 
(7.1  inches);  for  shaft  length,  and  maximum  grip  diameter  5  cm 
(2.0  inches).  The  joystick  preferably  should  be  mounted  in  a 
shelf  or  .desk  surface  as  shown  in  Figure  so  as  to  provide 

a  minimum  hand  rest  length  of  12  cm  (4.-7  inches )  from  the  shelf 
edge  to  the  joystick  shaft.  In  addition,  clearances  of  10  cm 
(3.9  in. )  to  the  side  and  5  cm  (2  in.)  to  the  rear  shall  be 
provided  to  allow  for  hand  movement-. 


Constant  feedback  is  required  for 
an  operator  to  be  able  to  maintain 
constant  force  on  a  stick,  and  even 
when  this  is  provided,  maintenance 
of  constant  force  is  fatiguing. 


Supported  by  expert  judgment  of 
Mort  Mehr,  Measurement  Systems, 
Inc . 


Based  on  Measurement  Systems,  Inc. 
practices,  which  have  evolved 
from  extensive  R&D 
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5. 4. 4. 5  Isotonic  Joystick  (Also  known  as  displacement  joystick.) 

5. 4. 4. 5.1  Application  -  The  isotonic  joystick  may  be  used  for 
various  display  functions  such  as  data  pickoff  from  a  CRT  and 
generation  of  free-drawn  graphics.  In  rate  control  applications 
which  allow  the  follower  to  transit  beyond  the  edge  of  the  dis¬ 
play,  indicators  shall  be  provided  in  order  to  advise  the  operator 
how  to  bring  the  follower  back  onto  the  display.  Also,  isotonic 
joysticks  which  are  used  for  rate  control  should  be  spring-loaded 
for  return  to  center  when  the  hand  is  removed.  Isotonic  joy¬ 
sticks  shall  not  be  used  in  connection  with  automatic  sequencing 
of  a  hook  or  bug  unless  they  are  instrumented  for  null  return  or 
are  zero-set  to  the  instantaneous  position  of  the  stick  at  the 
time  of  sequencing.  Upon  termination  of  the  automatic  sequencing 
routine,  joystick  center  shall  again  be  registed  to  scope  center. 


With  automatic  sequencing,  the 
computer  positions  the  cursor  for 
each  successive  operation  inde¬ 
pendently  of  the  instantaneous 
joystick  displacement.  When  control 
is  restored  to  the  joystick  the 
cursor  would  jump  to  whatever 
coordinates  it  is  set  to  unless  the 
joystick  is  zero  set  for  the  return 
of  control. 


5. 4. 4. 5.2  Dynamic  Characteristics  -  Maximum  angular  excursion 
of  the  isotonic  joystick  shaft  from  center  position  shall  not 
exceed  45°. _  Movement  shall  be  smooth  in  all  directions,  and 
rapid  positioning  of  a  follower  on  a  display  shall  be  attainable 
without  noticeable  backlash,  cross-coupling  or  need  for  multiple 
corrective  movements.  Control  ratios,  friction,  inertia,  etc., 
shall  be  designed  to  meet  the  dual  requirements  of  rapid  gross 
positioning  and  precise  fine  positioning.  Recessed  mounting  or 
pencil  attachments  may  be  utilized  as  indicated  in  Figure 

to  provide  greater  precision  of  control.  One  or  more  switches 
actuated  by  either  thumb  or  finger  pressure  may  be  integrally- 
mounted  if  compliant  with  5. 4. 3. 2. 3.  When  used  for  generation 
of  free-drawn  graphics,  the  refresh  rate  for  the  follower  on 
the  CRt  shall  be  sufficiently  high  to  ensure  the  appearance  of 
a  continuous  track. 

5. 4. 4. 5. 3  Dimensions  and  Mounting  -  Dimensions  for  isotonic 

joysticks  used  in  display  systems  should  be  within  the  limits 
specified  for  isometric  joysticks  in  5. 4, 5. 4. 3  and  mounting  should 
conform  to  Figure _ except  that  the  clearance  radius  will 

be  maximi/m  stick  excursion  from  center,  plus  10  cm  (3.9  inches). 


Excursions  greater  than  45°  would 
seem  to  be  pushing  into  the  mounting 
surface  rather  than  parallel  to  it. 


Professional  judgment.. 


If  the  refresh  rate  is  not  high 
enough  the  operator  will  either  need 
to  slow  down  his  movement  rate  in 
order  to  get  a  continuous  line,  or 
will  have  to  accept  uneven  trace 
brightness . 
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rationale/references 


5. 4. 4. 6  Grid-and-Stylus  Devices  -  These  provisions  cover  various 
techniques  which  utilize  some  means  of  establishing  an  x  and  y 
grid  and  a  stylus  for  designating  specific  points  on  that  grid 
for  control  purposes  (e.g.,  time-shared  x  and  y  potential  grids 
and  a  voltage-sensitive  stylus). 


Professional  judgment  based  on 
scattered  research  data,  operational 
experience,  and  basic  human 
engineering  principles. 


5. 4. 4. 6.1  Application  -  Grid  and  stylus  devices  may  be  used  for 
data  pickoff  from  a  CRT,  for  entry  of  points  on  a  display,  for 
generation  of  free-drawn  graphics  and  similar  control  applica¬ 
tions.  The  grid  may  be  on  a  transparent  medium  allowing  stylus 
placement  directly  over  corresponding  points  on  the  display  or 
it  may  be  displaced  from  the  display  in  a  convenient  position  for 
stylus  manipulation.  In  either  case  a  follower  (bug,  mark,  hook* 
etc.)  must  be  presented  on  the  display  at  the  coordinate  values 
selected  by  the  stylus.  Devices  of  this  type  should  be  used  only 
for  zero  order  control  functions  (i.e.,  displacement  of  the  stylus 
from  the  reference  position  causes  a  proportional  displacement 
of  the  follower). 


5. 4. 4. 6. 2  Dynamic  Characteristics"-  Movement  of  the  stylus  in 
any  direction  on  the  grid  surface  shall  result  in  smooth  movement 
of  the  follower  in  the  same  direction.  Discrete  placement  of  the 
stylus  at  any  point  on  the  grid  shall  cause  the  follower  to  appear 
at  the  corresponding  coordinates  and  to  remain  steady  in  position 
so  long  as  the  stylus  is  not  moved.  Refresh  rate  for  the  follower 
shall  be  sufficiently  high  to  ensure  the  appearance  of  a  con¬ 
tinuous  track  whenever  the  stylus  is  used  for  generation  of  free^ 
drawn  graphics. 

5. 4. 4. 6. 3  Dimensions  and  Mounting  -  Transparent  grids  which  are 
used  as  display  overlays  shall  conform  to  the  size  of  the  display. 
Grids  which  are  displaced  from  the  display  should  approximate  the 
display  size  and  should  be  mounted  below  the  display  in  an 
orientation  to  preserve  directional  relationships  to  the  maximum 
extent  (i.et,  a  vertical  plane  passing  through  the  r.orth/south 
axis  on  the  grid  shall  pass  through  or  be  parallel  to  the  north/ 
south  axis  on  the  display). 

5. 4. 4. 7  Free-Moving  XY  Controller  (Mouse) 


J  94 
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i.ii.U  .1.1  Appl  ica  t i on  -  This  typo  of  controller  may  be  used  on 
any  flat  surface  to  generate  x  ana  y  coordinate  values  which 
control  the  position  of  the  follower  on  the  associated  display. 

It  may  be  used  for  data  pickoff  or  for  entry  of  coordinate  : 

values.  It  should  be  used  for  zero  order  control  only  (i.e.,  ! 

generation  of  x  and  y  outputs  by  the  controller  results  in  pro¬ 
portional  displacement  of  the  follower).  It  should  not  be  used 
for  generation  of  free-drawn  graphics. 

5. 6 .4. 7. 2  Dynamic  Characteristics  -  The  design  of  the  controller 
and  placement  of  the  maneuvering  surface  shall  be  such  as  to  allow1 
the  operator  to  consistently  orient  the  controller  to  within 
*  10°  o:  the  correct  orientation  without  visual  reference  to  the 
controller.  (That  i  ■■ ,  for  example,  when  the  operator  grasps 
the  controller  in  what  he  tactually  assumes  is  the  correct  orien¬ 
tation  and  moves  it  red i l inear ly  along  what  he  assumes  to  be 
straight  up  the  y  axis,  then  the  direction  of  movement  of  the 
follower  on  the  CRT  shall  be  between  350°  and  010°).  The  con¬ 
troller  shall  be  movable  easily  in  any  direction  without  a  change 
of  hand  grasp  and  shall  result  in  smooth  movement  of  the  follower 
in  the  same  direction  (+  10°).  The  controller  shall  be  cordless 
and  shall  be  operable  with  either  the  left  or  right  hand.  A 
complete  excursion  of  the  controller  from  side  to  side  of  the 
maneuvering  area  shall  move  the  follower  from  side  to  aide  on  the 
display  regardless  of  scale  setting  or  offset  unless  expanded 
movement  is  selected  for  an  automatic  sequencing  mode  of  operation 
In  any  application  which  would  allow  the  controller  to  drive  the 
follower  off  the  edge  of  the  display,  indicators  ahall  be  provided 
to  advise  the  operator  how  to  bring  the  follower  back  onto  the 
display, 
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Although  a  "Mouse"  type  o* 
could  be  used  for  free-drawn  grap 
it  would  seem  far  less  desirabl-- 
than  a  stylus  or  joystick,  because 
of  their  similarity  to  the  pencil 


Professions’  judgment. 
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5. 4. 4. 7. 3  Dimensions  and  Shape  -  The  free-moving  xy  controller 
should  have  no  sharp  edges  but  should  be  shaped  roughly  as  a 
rectangular  solid,  with  limiting  dimensions  as  follows. 


Width  (spanned  by  thumb  4 

to  finger  grasp) 

Length  7 

Thickness  2.5 

5. 4. 4. 8  Light  Pen 


Min. 

Max . 

cm  (1.6 

in.) 

7 

cm 

(2.8 

in.  ) 

cm  (2.8 

in.) 

12 

cm 

(4.7 

in.) 

cm  (1.0 

in.) 

4 

cm 

(1.6 

in.  ) 

The  controller  should  not  be  round; 
it  should  have  a  configuration  which 
allows  the  operator  to  grasp  it  in 
approximately  the  orientation  it 
should  be  in  for  manipulation. 
Otherwise  it  might  be  grasped  in 
such  a  way  that  movement  of  the 
follower  would  be  in  an  incompatible 
direction,  thus  requiring  shifting 
of  the  grasp  on  the  controller  to 
get  the  proper  alignment. 

Dimensional  requirements  are  pro¬ 
fessional  judgment  based  on 
anthropometric  considerations. 


5. 4. 4. 8.1  Application  -  A  simple  light  pen  may  be  used  as  a 
track-oriented  readout  device.  That  is,  it  may  be  positioned 
on  the  display  screen  so  as  to  detect  the  presence  of  a  computer¬ 
generated  track  by  sensing  its  refresh  pattern  and  the  display 
system  will  then  present  a  "hook"  on  the  designated  track.  With 
suitable  additional  circuitry  a  follower  can  be  made  to  track 
the  movement  of  the  light  pen  across  the  surface,  thus  allowing 
it  to  function  as  a  two-axis  controller  capable  of  serving  the 
same  purposes  served  by  the  grid-  and  stylus  devices  (paragraph 


5. 4. 4. 6.1). 


5. 4. 4. 8. 2  Dynamic  Characteristics  -  Dynamic  characteristics  of 
the  light  pen  used  as  a  two-axis  controller  shall  be  as  in 
paragraph  5. 4. 4. 6. 2. 


5. 4. 4. 8. 3  Dimensions  and  Mounting  -  The  light  pen  shall  be  be¬ 
tween  0.7  cm  (-.$  in.)  and  2.0  cm  (.8  in.)  in  diameter  and 
between  23  cm  (4.7  in.)  and:  18  c.m  (7.1  in.)  in  length.  A  con¬ 
venient  clip  shall  be  provided  at  the  lower  ri£,ht  side  of  the 
CRT  to  hold  the  light  pen  when  it  is  not  in  use. 


Professional  judgement  based  on 
anthropometric  considerations 
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5 . 4 . 4 . 9  Quickened  and  Predictor  Types  of  Controllers 

5. 4. 4. 9.1  Applications  -  Complex  tracking  functions-  may  require 
use  of  quickened  or  predictor  approaches  to  control-display 
implementation.  These  approaches  shall  be  utilized  only  with  the 
concurrence  of  the  procuring  activity. 


It  would  be  a  considerable  task  to 
prepare  specific  requirements  for 
quickened  or  predictor  approaches 
to  control-display  implementation. 
The  best  short-term  way  of  handling 
this  appears  to  leave  it  in  the 
hands  of  the  procuring  activity. 
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5,4.3. 1.2  Push  Buttons  (Foot-Operated)  - 

5. 4. 3. 1.2.1  Application  -  Foot-operated  push  buttons  snould  be  used 
only  in  those  cases  where  the  operator  is  likely  to  have  both  hands 
occupied  at  the  time  the  push  button  is  activated  or  when  load  sharing 
among  limbs  is  required.  Because  foot-operated  push  buttons  are  ex¬ 
tremely  susceptible  to  accidental  activation,  their  uses  shall  be 
limited  to  noncritical  operations  such  as  press-io-talk  switches. 

5. 4. 3. 1.2. 2  Operation  -  Foot-operated  push  buttons  shall  be  designed 

to  be  operated  by  the  "toe  and  the  ball  of  the  foot  rather  than  the  heel. 
Where  space  permits,  focl-operated  push  buttons  shall  be  replaced  by, 
or  supplemented  with,  a  pedal  to  aid  in  locating  the  activating  control. 
Friction  surfaces  shall  be  used  on  foot-operated  push  buttons. 

5. 4. 3. 1.2. 3  Positive  Indication  -  A  positive  indication  of  controi 
activation  shall  be  provided  (e.g.,  snap  feel,  audible  click,  associated 
light,  or  side  tone). 

5. 4. 3. 1.2. 4  Dimensions,  Resistance,  Displacement,  and  Separation  - 
Dimensions,  resistance,  and  displacement  oridoc-operated  push  buttons 
shall  conform  to  the  criteria  in  Figure  10.  Separation  between  adjacent 
edges  of  foot-operated  push  buttons  shall  conform  to  the  criteria  in 
Figure  14. 


Foot  controls  ore  separated  into 
Foot  Switches  (under  pusn  buttons) 
and  Pedals.  In  our  opinion  this 
is  confusing  to  designers  because 
they  will  be  looking  tor  toot 
control  requirements  as  separate 
from  hand  controls. 

By  reference  to  proposed  materials 
it  can  be  seen  chat  we  believe 
there  are  missing  requirements, 
and  the  overly  simplistic  specifi¬ 
cation  of  dimensions,  force, 
displacement,  etc.  are  nut  only 
difficult  to  relate  to  specific 
types  of  control  applications, 
but  some  of  the  values  are  ques¬ 
tionable  across  the  board. 
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Figure  10.  PUSHBUTTONS  (FOOT  OPERATED) 
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5. 4. 3. 2. 2  Pedals  - 

5. 4. 3. 2. 2.1  Application  -  Pedals  shall  be  used  when  a  large  amount  of 
displacement  or  force  is  required  and  when  foot  activation  is  desirable. 

5. 4. 3. 2. 2. 2  Null  Position  -  Pedals  should  be  designed  so  that  they  will 
return  to  the  null  position  when  force  is  removed. 

5. 4. 3. 2. 2. 3  Dimensions.  Resistance.  Displacement,  and  Separation  - 
Dimensions,  resistance,  displacement,  and  separation  between  adjacent 
edges  of  pedals  shall  conform  to  the  criteria  in  Figure  14. 

5.4. 3. 2. 2. 4  Heel  Support  -  When  the  pedal  angle  is  greater  than  20° 
above  the  horizontal,  a  heel  support  should  be  provided. 

5.4. 3. 2. 2. 5  Non-Slip  Material  -  Pedals  shall  be  covered  with  a  non¬ 
slip  material . 

5.4. 3. 3  Force-Sensitive  Controls  -  Force  sensitive  isometric  controls 
should  be  considered  for  use  in  tracking  applications,  especially  those 
which  must  be  performed  under  vibration  conditions. 

5.4.4  High-Force  Controls  - 

5.4.4. 1  Arm,  Hand,  and  Thumb-Fincer  Controls  -  Where  arm,  hand  and 
thumb-finger  controls  requiring  high  control- forces  are  to  be  used, 
the  maximum  force  requirements  shall  not  exceed  those  specified  in 
Figure  15. 

5. 4. 4.2  Leg  Controls  -  Where  leg  controls  requiring  high  control  forces 
are  to  be  used  the  force  push  exerted  by  the  leg  depends  on  the  thigh 
angle  and  the  knee  angle.  Figure  16  specifies  the  mean  maximum  push 

at  various  knee  and  thigh  angles.  The  maximum  push  is  at  about  the 
160®  angle  referred  to  as  the  limiting  angle. 


MF1  COMMENTS 


5. A. 3. 2. 2.1  This  is  an  overly- 
simplistic  statement  on  applications 
for  pedals. 

Some  pedals  such  as  rudder  controls 
should  not  return  to  null  position 
when  force  is  removed. 


This  table  is  too  limiting. 


I. 
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rationale/references 


5. A. 5. 2. 3  Foot-Operated  Controls 

5. 4. 5. 2. 3.1  General  -  Foot-operated  controls  should  be  considered  j 
under  the  following  conditions: 

a.  Control  system  forces  require  that  the  human  interface 
force  application  will  be  beyond  the  maximum  manual 
strength  capability  of  the  operator,  and/or  so  near  this 
limit  to  cause  serious  fatigue  for  the  operator. 

b.  The  operator's  hands  are  generally  occupied  by  other- 
manual  control  tasks  at  the  same  moment  that  an  additional 
control  action  is  required. 


We  have  tried  to  be  more  specific 
in  terms  of  the  broader  applica¬ 
tions  need.  These  recommendations 
are  based  on  DOT  research  of 
recent  years,  attempting  to  develop 
standards  for  cars,  trucks  and 
buses — as  well  as  including  key 
aireraf t-related  variations  that 
need  to  be  presented,  to  be  com¬ 
patible  with  current  Military 
design  practices. 


c.  Specific  foot-operated  controls  have  been  so  well  estab¬ 
lished  that  the  average  operator  expects  such  operating 
functions  to  be  performed  using  foot  controls,  e.g.,  air¬ 
craft  rudder/brake  pedals,  automotive  clutch,  brake  and 
accelerator  pedals,  etc. 


d.  Wher.  a  safety  "shut-down"  control  is  required  during 
an  operation  in  which  the  operator's  hands  cannot  be 
freed  to  reach  a  safety  switch,  e.g.,  sheet  metal 
cutting  machine. 


Foot-operated  controls  should  not  be  used  under  the  follow¬ 
ing  conditions: 

a.  For  a  standing  operator  who  may  be  working  on  a  moving 
platform  (i .e.  ,  where  balancing  on  the  non-operating 
foot  may  become  difficult  as  the  operating  foot  is 
moved  from  a  support  to  actuating  position), 

b.  To  effect  very  precise  control  operations. 

c.  To  select  among  a  great  many  separate  foot  controls. 

5.4. 5.2.3. 1.1  Operation  -  Foot  controls  shall  be  located  and 
designed  so  they  can  be  operated  in  as . "natural"  a  pattern  as 
practicable.  Specifically,  the  following  should  be  avoided: 

a.  Frequent,,  maximum  reaching. 
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rationale/references 


b.  Requirement  to  hold  the  leg  or  foot  in  an  awkward  posi¬ 
tion  for  extended  periods  of  time. 

c.  Requirement  for  the  operator  to  sit  in  a  twisted  posi¬ 
tion  to  operate  a  control  that  is  used  frequently  and/or 
for  an  extended  period  to  time,  i.e.,  pedals  shall  be 
laid  out  symetrically  with  reference  to  the  operator’s 
principal  operating  orientation. 

d.  Maximum  force  application  frequently  or  for  extended 

•  duration. 

e.  Requirement  that  the  operator  "look"  for  a  particular 
foot  control  in  order  to  select  the  right  one. 

f.  Placement  of  a  foot  control  where  it  might  be  "stepped 
on"  and  inadvertently  actuated,  and/or  where  typical 
shifting  from  one  foot  control  to  another  creates  a 
high  probability  that  the  foot  or  clothing  might  be 
entrapped  by  an  intervening  control  as  the  operator 
shifts  the  foot  from  one  control  to  another. 

5. A. 5. 2. 3. 2  Foot-Switches 

5. 4. 5. 2. 3. 2. 1  Application  -  Foot-operated  switches  should  be 
used  only  in  those  cases  where  the  operator  is  likely  to  have 
both  hands  occupied  at  the  time  the  push  button  is  activated, 
or  where  load-sharing  among  limbs  is  desirable.  Because  foot- 
operated  switches  are  susceptible  to  accidental  activation  their 
uses  should  be  limited  to  non-critical  or  infrequent  operations 
such  as  press-to-talk  communication,  vehicle  headlight  dimming, 
etc . 

5. 4. 5.2. 3. 2. 2  Operation  -  Foot  switches  shall  be  located  so 

:  that  they  can  be  operated  by  the  toe  or  ball  of  the  foot  rather 
;  than  by  the  heel.  They  shall  not  be  located  so  near  an  obstruc¬ 
tion  that- the  operator  cannot  position  the  sole  of  the  shoe 
squarely  (centered)  on  the  switch  button.  A  pedal  may  bp  used 
atop  the  button  to  aid  in  location  and  operation  of  the  switch. 
When  switches  are  used  in  an  environment  in  which  the  switch 
‘may  become  wet  and  slippery,  the  switchcap  surface  should  possess 
a  frictional  surface  to  minimize  the  possibility  of  the  foot 
slipping  off  the  switch. 


Many  specific  requirements  not 
previously  covered  in  1472B. 
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5 .4.5.2 .3.2.3  Swi tch  Location  -  In  addition  to  the  above,  foot- 
operated  switches  shall  be  located  so  the  operator  has  some 
normal  heel  resting  position  on  a  floor  board,  etc.  Avoid  placing 
a  foot  switch  beneath  or  behind  other  pedals  wherein  it  might  be 
possible  for  the  operator's  foot  to  become  momentarily  interfered 
with  or  trapped  during  transfer  between  the  switch  and  a  pedal 

or  steering  column. 

5. 4. 5. 2. 3. 2. 4  Dimensions,  Displacement,  and  Separation  -  Dimen- 
sions,  displacement  and  separation  of  foot-operated  switches  shall 
conform  to  the  criteria  in  Figure  10.  Although  not  recommended 

(i.e.,  only  one  switch  per  foot  is  preferred),  when  more  than  Ref:  Woodson  and  Conover,  Human 

one  switch  is  provided  for  the  same  foot  to  operate,  such  switches  Engineering  Guide  for  Equipment 

shall  be  separated  by  at  least  7.6  cm  (3  inches)  horizontally  and  Designers,  1966,  p.  2-110. 

20.3  cm  (8  inches)  vertically. 

5 .4 .5 . 2 . 3 . 2 . 5  Actuating  Force  and  Feedback  -  A  positive  indication 
of  control  activation  snail  be  provided  (e.g.,  snap  feel,  audible 
click,  association  with  an  obvious  change  in  a  visual  or  auditory 
display).  Actuating  force  shall  be  between  44  N  and  88  N  (TO  and 
20  lbs.). 


5.4. 5. 2. 3. 3  Pedals 

5. 4. 5. 2. 3. 3.1  Application  -  Pedal  controls  should  be  used  only 
when  the  operator  is  likely  to  have  both  hands  occupied  at  the 
time  the  foot  operation  is  required,  when  the  control  system 
force  is  too  high  for  manual  force  capability  of  the  operator, 
or  where  standardized  use  of  pedals  has  created  a  stereotype 
expectancy  on  the  part  of  the  operator  (e.g.,  vehicle  pedal 
control  configurations  such  as  clutch,  brake,  accelerator,  rudder, 
etc.).  Applications  other  than  these  shall  be  subject  to 
approval  of  the  procuring  activity. 


5.4. 5. 2. 3. 3.2  Location  -  Pedal  controls  shall  be  located  so  that 
the  operator  can  roach  them  easily  without  extreme  stretching 
or  torso  twisting,  so  that  the  operator  can  reach  the  maximally- 
displaced  pedal  within  anthropometric  and  force-capability  of  the 

operator  (see  Figure _ ).  Pedals  that  may  be  held  or  that  have  Requires  figure  of  foot  pedal  loc.a- 

to  be  adjusted  fairly  precisely  (accelerator,  clutch,  etc. )  shall  tion  relative  to  vehicle  driver, 
be  located  so  the  operator  can  "rest"  and  "steady"  the  foot, 
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i.e.,  the  pedal  shall  be  an  appropriate  critical  distance  above 
the  floor  so  the  operator's  heel  can  rest  on  the  floor  while 
articulating  the  ankle/foot.  When  this  cannot  be  done  (and  the 
pedal  angle  is  more  than  20-degrees  from  the  horizoncal  floor),, 
a  heel  rest  shall  be  provided. 


Ref: 


rationale/references 


Woodson  and  Conover,  Human 
Engineering  Guide  for  Equipment 
ftesigners,  19fc6,  P-  2-llQ. 


5. 4. 5. 2. 3. 3. 3  Spring-Return  -  Except  for  controls  which  generate 
a  continuous  output  such  as  rudder  controls,  accelerator  pedals, 
etc.,  foot  controls  shall  have  a  spring-return  system  with  suf¬ 
ficient  force  to  return  the  pedal  to  the  original. null  position 
without  requiring  assistance  from  the  operator  (e.g.,  brake  or 
clutch  pedals).  For  pedals  in  which  the  operator  may  normally  res 
the  foot  on  the  control  between  operations,  sufficient  spring 
tension  shall  be  provided  to  prevent  the  weight  of  the  foot  from 
inadvertently  activating  the  control  (e.g.,  accelerator  pedal). 


t 5. 4. 5. 2. 3. 3. 4  Play  --  Pedal  control  systems  shall  be  designed  to 
minimize  excess  ''play"  (i.e.,  movement  that  does  not  activate  the 
Control  system). 

'5 .4.5 .2.3 .3 .5  Adjustment  -  Control,  and/or  seat  adjustment  shall 
!be  provided,  sufficient  to  accommodate  the  leg  reach  capabilities 
of  the  total  range  of  expected  operators  (i.e.,  5ch  percentile 
female~95th  percentile  male).  Consideration  shall  also  be  given 
to  combined  vertical/horizontal  adjustment  effect  on  mach.  For 
seated  operator  configurations  where  external  vision  is  critical 
and  corresponding  control  panel  constraints  may  be  present,  pedal/ 
seat/vision  requirement  shall  be  considered  together  to 
provide  the  best-fit  among  eye  reference,  seat  and  pedal  adjust¬ 
ment  position  and  adjustment  range. 


New  requirement  for  tighter  control 
coupling. 

Pedals  cannot  be  properly  operated 
by  all  segments  of  the  population 
unless  some  adjustment  is  provided 
to  accommodate  different  statures. 


5. 4. 5. 2. 3. 3. 6  Pedal  Travel  Path  -  The  travel  path  (typically 
an  arc)  shall  be  considered  in  the  design  of  pedal'  systems ,  and 
shall  be  compatible  with  the  natural  articulation  path  of  the 
operator's  limbs  (i.e.,  thigh,  knee,  ankle). 


New  requirement  needed  to  ensure 
maximum  application  of  force. 


5, 4. 5. 2. 3. 3. 7  High  Force  Application  Aids  -  When  the  force  re¬ 
quired  to  fully  actuate  a  pedal  is  extremely  high,  appropriate 
aids  shall  be  provided  to  assist  the  operator  in> applying  maximum 
[force  to  the  pedal.  The  following  should  be  considered: 


New  requirement. 


a.  Seat  backrest. 


v 
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b. 
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Optimized  seat  height-to-pedal  and  normal  reach  dis¬ 
tance  for  maximum  force  (i.e.,  SRP/Pedal  at  same  ver¬ 
tical  height;  reach  distance  so  the  upper  thigh  and 
lower  leg  create  an  angle  just  short  of  horizontal — 
see  Figure _ .) 


RATIONALE/REFERENCES 


Requires  new  figure  in  anthropometric 
section. 


c.  Double-width  pedal  so  that  both  feet  could  be  used. 


5. 4. 5. 2. 3. 3. 8  Non-Slip  Pedal  Surface  -  Pedals  used  for  high 
force  applications  shall  be  provided  with  a  non-skid  surface. 
Similar  surfaces  are  desirable  for  all  pedals. 


5. 4. 5. 2. 3. 3. 9  Dimensions.  Force  Requirements,  Displacement  and 
Separation  -  Dimensions,  force  requirements,  displacement  and 
separation  of  pedals  shall  conform  to  the  criteria  in  Table _ . 

5 . 4 . 5 . 2 . 3 . 4  Automotive-Related  Foot  Control  Combinations 

5. 4. 5. 2.3. 4.1  Applications  -  Assemblies  of  foot-operated  controls 
shall  conform  to  Industry  practice  with  respect  to  arrangement, 

i  .e.  : 

a.  Manual  Transmission:  Clutch  shall  be  positioned  for  left 
foot  operation,  service  brake  and  accelerator  for  right 
foot  operation.  Headlight  dimmer  function  may  be  pro¬ 
vided  either  as  a  left  foot-operated  floor  switch  or  a 
left  hand-operated  column-mounted  stalk  (lever). 

b.  Automatic  Transmission:  The  above  arrangement  shall  be 
followed  except  that  the  service  brake  shall  be  accesible 
for  either  right  or  left  foot  operation  (in  which  case, 
tne  brake  pedal  shall  be  laterally  elongated  sufficiently 
to  make  it  convenient  for  operation  by  either  foot); 

5 .4.5 .2. 3 .4 .2  Pedal,  Geometric  Relationships  -  Clutch,  service 
brake  and  accelerator  pedals  shall  be  arranged  so  that  the  primary 
contact  point  of  each  pedal  (i.e;,  height  and  distance  from  the 
floor,  heel-reference  point)  is  approximately  the  same,  to  make  it 
convenient  for  the  operator  to  shift  his  or  her  foot  from  the 
accelerator  to  the  service  brake  pedal  without  having  to  lift  the 
foot  an  excessive  amount.  The  pedal  contact  point  should  be  based 
on  a  point  on  the  accelerator  pedal  that  matcnes  a  "all-of-the- 


New  requirements  based  on  best 
automotive  practice. 


It  is  considered  important  to 
conform  with  stereotypes  that  have 
been  firmly  established  within 
the  driver  population. 
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Table  _  -  Foot-Operated  Controls 
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Table  _  -  Foot-Operated  Controls  (Continued) 
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_ MF1  RECOMMENDED  MODIFICATION  i 


foot'  position  when  the  operator’s  heel  rests  normally  on  the  floor 
and  the  accelerator  pedal  is  in  the  "undepressed"  position. 

Lateral  pedal  positions  should  be  arranged  and  spaced  so  that  the 
total  array  is  approximately  centered  on  the  operator's  centerline 
(i.c.,  so  Che  operator  isnot  required  to  sic  in  a-  skewed  position 
in  order  to  operate  certain  pedals).  For  maximum,  long-duration 
comfort ,  the  accelerator  pedal  should  not  be  more  than  about  12- 
inches  right  of  the  operator's  centerline. 

5 - 4 . 5 - 2 . 3 . A . 3  Lateral  Pedal  Array  Limits  -  Lateral  spacing  of 
individual  pedals  sha  i  I  con Form  to  c r i ter ia  in  Table_  .  How¬ 
ever,  the  overall  array  shall  not  exceed  30"  (76.2  cmFas  measured 
between  the  oqtermost  pedal  centerlines  without  express  approval 
by  the  procuring  agency. 


RATIOUAlE/.QEFEPENCES 


ORIGINAL  REQUIREMENT 


MFl  COMMENTS 


Hiqh*Force  Controls  - 


5.4.4. 1  An,  Hand,  and  Thuaft-Fin^er  Controls  -  Where  era,  hand  and 
thumb* finger  controls  requiring  high  control  forces  are  to  be  used, 
the  ataxlaum  force  requirements  shall  not  exceed  those  specified  in 
Figure  15. 

5. 4. 4. 2  Leg  Controls  -  Where  leg  controls  requiring  high  control  forces 
are  to  be  used  the  force  push  exerted  by  the  leg  depends  on  the  thigh 
ingle  and  the  knee  angle.  Figure  16  specifies  the  eean  aaxiaun  push 

at  various  knee  and  thigh  angles.  The  oaxiaw;  push  is  at  about  the 
160*  angle  referred  to  as  the  Uniting  angle. 


A  general  requirement  statement 
is  needed. 


Figure  15.  ARM,  HAND,  AND  THUMB-FINGER  STRENGTH 
(5TH  PERCENTILE  MALE  DATA) 


ABM  STRENGTH  IN) 


DEGREE  OF  ELBOW 
FLEXION 
(deg) 


(2) 

(3) 

14) 

IS) 

222  231  187  222  40  82  58  76  58 

187  249  133  187  67  80  80  89  67 

151  187  116  160  76  107  93  116  89 

142  165  98  160  76  89  93  116  71 

116  107  98  151  67  89  80  89  78  I  89 


HAND,  AND  THUMB-FINGER  STRENGTH  (N) 


MOMENTARY  HOLD 

2S0 

260 

SUSTAINED  HOLD 

145 

155 

L  ■  LEFT;  R- RIGHT. 


Figure  15.  ARM.  HAND,  AND  THUMB-FINGER  STRENGTH 
(STH  PERCENTILE  MALE  DATA  CONCLUDED! 


5TH  PERCENTILE  MAXIMUM  PUSH,  lb  (N) 


Figure  16.  LEG  STRENGTH  AT  VARIOUS  KNEE  AND  THIGH  ANGLES 
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5-  4-  5 . 2\  4  High-Force  Controls 


5  .'4-.  5 .2 . 
require 
segment 
controls 
working 
a  proper 
high  fer- 
than  2  o 


*4-1  Mse-  -  In  general,  controls  shall  not  be  used  that 
operator  forces  near  the  strength  limits  of  the  weaker 
of  the  expected  user  population.  In  addition,  high  force 
shall  not  be  used  except  when  the  operator's  nominal 
posi.tion  provides  proper  body  and/or  limb  support,  i.e., 
seat  backrest,  adequate  foot  support,  etc.  Sustained 
ce  requirements  shall  be  avoided  (e.g.,  durations  longer 
r  3  seconds).  b 


ISzclij  i"fro.^gj~52^,~rj  ■?'h™b~Fin‘!er  C°"tr°l5  original 

5.4:.5.2....3  Foot-Leg  Controls  -Qise  original  material  from  par. 


rationale/references 


Adds  a  general  requirement  statement 
includes  strength  limits  (as  with 
female  operators)  not  previously 
recognized;  requires  proper  body 
support  and  avoidance  of  long 
durations  for  sustained  high  force. 


THIGH  ANGLE  {») 


1 

-15  — S* 

'2 

4-5  AND  10° 

a 

16 -1#* 

4 

33-35“ 

6 

4a-49° 

LIMITING  ANGLE 
KNEE  STRAIGHT 


Figure  16.  LEG  STRENGTH  AT  VARIOUS  KNEE  AND  THIGH  ANGLES 


i 

l 


! 


Where  female  operators  are  expected,  force  values  should 
be  reduced  by  25  percent. 


5.5  LABELING  -  This  section  needs  considerable 

expansion  co  broaden  coverage  to 

5.5.)  General  -  include  markings  other  than  labels 

and  to  provide  more  definitive 

5  5.1,1  General  Requirements  -  Controls,  displays,  and  any  other  items  requirements  with  respect  co 

of  equipment  that  must  be  located,  identified,  read,  or  manipulated  shall  alphanumeric  character  design  and 

be  appropriately  and  clearly  labeled  to  permit  rapid  and  accurate  human  legibility, 

performance.  No  label  will  be  required  cn  equipment  or  controls  whose 
use  is  obvious  to  the  user  (e.g.,  aircraft  cont-v'.  stick). 

5. 5. 1.2  Label  Characteristics  -  The  characteristics  of  the  labeling  to 
be  used  shall  be  determined  by  such  factors  as: 


a.  The  accuracy  of  identification  required 

b.  The  time  available  for  recognition  or  other  responses 

c.  The  distance  at  which  the  iabels  must  be  read 

d.  The  illumination  level  and  color  characteristics  of  the 
il  lumir.ant 

s .  The  criticality  of  the  function  labeled 

f.  Consistency  of  label  design  within  and  between  systems. 

i 

5. 5. 1.3  Prototype  and  Production  Equipment  Labels  -  Labels  for  both 
prototype  and  production  equipment  shall  meet  the  criteria  specified 
herein,  labels  for  production  equipment  shall  be  designed  to' meet  the 
criteria  specified  for  the  duration  of  equipment  use.  Since  frequent 
design  changes  may.be  anticipated  in  prototype  equipment,  labels  for 
such  equipment  shall  be  designed  so  that  they  may  be  simply  and  easily 
affixed*  altered,  and  removed. 


! 

I 
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5.5  LABELS,  LEGENDS,  PLACARDS,  SIGNS  and  MARKING 

5.5.1  General 

5. 5. 1.1  General  Requirements  -  Labels,  legends,  placards,  signs 
and/or  markings  shall  be  provided  wherever  it  is  necessary  for 

ah  operator  or  technician  to  identify,  interpret,  follow  procedure; 
or  avoid  hazards  in  the  use  of  systems,  equipment  or  facilities, 
except  where  it  is  obvious  to  the  observer  what  an  item  is  and 
what  he  or  she  is  to  do  with  it  or  about  it. 

5. 5. 1.2  Basic  Characteristics  -  The  characteristics  of  the  label, 
legend,  placard,  sign  or  marking  shall  be  determined  by  such 
factors  as: 

a.  The  accuracy  of  identification  required. 

b.  The  time  available  for  recognition  or  other  responses. 

c.  The  distance  at  which  the  device  must  be  read. 

d.  The  illumination  level  and  color  characteristics  of  the 
illuminant . 

e.  The  criticality  of  the  label,  legend,  placard,  sign  or 
marking  tc  satisfactory  and  safe  operator  performance. 

f.  Consistency  of  label,  legend,  placard,  sign  or  marking 
within  and  between  systems. 

5. 5. 1.3  Prototype  and  Production  Systems  -  Labels,  legends, 
placards,  signs  and  markings  for  both  prototype  and  production 
systems  shall  meet  the  criteria  specified  herein.  They  shall 
meet  the  requirements  specified  for  the  duration  of  dystem  use. 
Since  frequent  design  changes  may  be  anticipated  in  prototype 
systems,  labels,  legends,  placards,  signs  and  markings  should  be 
designed  .so  that  they  may  be  simply  and  easily  affixed,  altered, 
and  removed  or  replaced. 


rationale/references 

This  section  broadens  the  original 
provisions  so  as  to  include  legends, 
placards,  signs,  and  markings  which 
need  to  be  covered  but  are  not 
included  elsewhere  in  the  Standard. 


ORIGINAL  REQUIREMENT 


MF I  COMMENTS 


5.5.2  Orientation  and  Location  - 

5.5.2. 1  Orientation  -  Labels  and  information  thereon  should  be  oriented 
horizontally  so  that  they  may  be  read  quickly  and  easily  from  left  to 
right.  Vertical  orientation  shall  be  used  only  when,  labels  are  not 
critical  for  personnel  safety  or  performance  and  where  space  is  limited. 
When  used,  vertical  labels  shall  read  from  top  to  bottom. 


5. 5. 2. 2  Location  -  Labels  shall  be  placed  on  or  very  near  the  items 
which  they  identify,  so  as  to  eliminate  confusion  with  other  items  and 
labels,  labels  sh  11  be  located  so  as  not  to  obscure  any  other  infor¬ 
mation  needed  by  the  operator.  Controls  shall  not  obscure  labels. 

5.5. 2. 3  Standardization  -  Labels  shall  be  located  in  a  consistent 
manner  throughout  the  equipment  and  system. 


5.5.3  Contents  - 

5. 5. 3.1  Equipment  Functions  -  Labels  should  primarily  describe  the 
functions  of  equipment-"!  terns .  Secondarily,  the  engineering  character¬ 
istics  or  nomenclature  may  be  described. 

5. 5. 3. 2  Abbreviations  -  Standard  abbreviations  shall  be  selected  in 
accordance  with  MIL- STD- 12,  KIL-STO-411,  or  NlL-STD-7e3.  If  a  new 
abbreviation  is  required,  its  meaning  shall  be  obvious  to  the  intended 
reader.  Capital  letters  shall  be  used.  Periods  shall  be  omitted  except 
when  needed  to  preclude  misinterpretation.  The  same  abbreviation  shall 
be  used  for  all  tenses  and  for  both  singular  and  plural  forms  of  a  word. 

$, 5. 3.3  Irrelevant  Information  -  Trade  names  and  other  irrelevant 
information  shall  not 'appeal*  on  labels  or  placards. 

5.5. 4  Qualities  - 

5.5.4il  Brevity  -  Labels  shall  be  as  concise  as  possible  without  dis¬ 
torting  the  intended  meaning  or  information  4\nd  shall  be  unambiguous. 
Redundancy  shall  be  minimized.  Where  the  general  function  is  obvious, 
only  the  specific  function  shall  be  identified  {e.g. ,  frequency  as 
opposed  to  frequency  factor). 


Needs  expansion- 


Although  desirable,  this  should 
not  be  mandatory  because  it  is 
not  always  feasible. 


More  specific  requirements  as  to 
when  to  use  capitals  and  when  to 
use  lower  case  should  be  provided. 


Some  other  standards  require  trade 
names  to  appear. 


ORIGINAL  REQUIREMENT 


MF!  COMMENTS 


5. 5. 4. 2  Familiarity  -  Words  shall  be  chosen  on  the  basis  of  operator 
familiarity  whenever  possible,  provided  the  words  express  exactly  what 
is  intended.  Brevity  shall  not  be  stressed  if  the  results  will  be 
unfamiliar  to  operating  personnel.  For  particular  users  (e.g.,  mainte¬ 
nance  technicians),  comnon  technical  terms  may  be  used  even  though  they 
may  be  unfamiliar  to  nonusers.  Abstract  symbols  (e.g.,  squares  and 
Greek  letters)  shall  be  used  only  when  they  have  a  commonly  accepted 
meaning  to  all  intended  readers.  Common,  meaningful  symbols  (e.g., 

t  and  +)  may  be  used  as  necessary. 

5. 5.4. 3  Visibility  and  Legibility  -  Labels  and  placards  shall  be  de¬ 
signed  to  be  read  easily  and  accurately  at  the  anticipated  operational 
reading  distances,  vibration/motion  environment,  and  illumination  levels, 
taking  into  consideration  the  following  factors: 

a.  Contrast  between  the  lettering  and  its  immediate  background 

b.  Height,  width,  stroke  width,  spacing,  and  style  of  letters 
and  numerals 

c.  Method  of  application  (e.g.,  etching,  decal,  and  silk  screen) 

d.  Relative  legibility  of  alternative  words 

e.  Specular  reflection. 


5. 5.4. 4  Access  -  labels  shall  not  be  covered  or  obscured  by  other  units 
in  the  equipment  assembly. 

5. 5. 4. 5  label  life  -  Labels  shall  be  sharp,  have  high  contrast,  and  be 
mounted  so  as  to  minimize  wear  or  obscurement  by  grease,  grime,  or  dirt. 

5.5.4.6  Label  Background  -  Label  color  shall  contrast  with  the  equip¬ 
ment  background  specified  in  5.7.9.  No  special  background  for  the 
label  shall  be  provided  without  approval  by  the  procuring  activity. 


gn  of  Label  Characters 


5. 5. 5.i  Black  Characters  -  Where  the  ambient  illuminance  will  be  above 
1  ft-C  (11  luic),  black  characters  shall  be  provided  on  a  light  background. 


Needs  to  be  more  specific. 
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5. 5. 5. 2  Dark  Adaptation  -  Where  dark  adaptation  is  required,  the  dis¬ 
played  letters  or  numerals  shall  be  visible  without  interfering  with 
night  vision  requirements.  Where  possible,  markings  shall  be  white  on 
a  dark  background. 

5. 5. 5. 3  Style  -  Style  of  label  characters  shall  conform  to  M1L-M-18012,  This  is  too  limiting, 

where  consistent  with  5. 5.5.4,  5. 5. 5. 5,  5. 5. 5. 7,  and  5. 5.5.8,  herein. 

Label j  shall  be  prepared  in  capital  letters,  except  that  extended  copy 
(e.g.,  instructions)  shall  be  in  lower-case  letters. 

5.S.5'.4  Letter  width  -  The  width  of  letters  snail  preferably  be  3/5  of 
the  height,  except  for  the  "I",  which  shall  be  one  stroke  in  width,  and 
the  "M"  and  “W",  which  shall  be  4/5  of  the  height. 

5. 5. 5. 5  Nome ’-a  1  width  -  The  width  of  numerals  shall  preferably  be  3/5 
of  the  height,  except  for  the  “4",  which  shall  be  one  stroke  width  wider, 
and  the  "1",  which  she  11  be  one  stroke  in  width. 

5. 5. 5. 6  Wide  Characters  -  Where  conditions  indicate  the  use  of  wider 
characters,  as  on’ a  curved  surface,  the  basic  height-to-width  ratio  may 
be  increased  to  1:1  in  accordance  with  MIL- M- 1 80 i 2 . 

5. 5. 5. 7  Stroke  Width.  Mo.rrcaj  -  For  black  characters  bn  a  white  (or  •  This  does  not  recognize  variations 

light)  background,  the  stroke  width  shall  be  1/6  of  the  height.  in  stroke  width  for  emphasis. 

5. 5. 5.8  Stroke  Width,  Dark  Adaptation  -  Where  dark  adaptation  is  re¬ 
quired  or  legibility  at  r.ight  is  a  critical  factor,  and  white  characters 
are  specified  on  a  black  background,  the  stroke  width  of  the  characters 
shall  be  from  1/7  to  1/8  of  the  height  (i.e.,  narrower  than  specified 
for  • ormal  daytime  vision). 

5. 5. 5. 9  Character  Spacing  -  The  minimum  space  between  characters  shall  This  requirement  does  not  cover 

be  one  stroke  width.  variations  from  the  minimum. 

5.5.5.10  Word  Spacing  -  The  minimum  space  between  words  shall  be  the 
width  of  one  character. 

5.5.5.11  Line  Spacing  -  The  minimum  space  between  lines  shall  be  one- 
half  character  height. 
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5.5.5.12  Label  Size  vs  Luminance  -  The  height  of  letters  and  numerals 
shall  be  determined  by  the  required  reading  distance  and  luminance. 

With  a  28-inch  (700  mm)  viewing  distance,  the  height  of  numerals  and 
letters  shall  be  within  the  range  of  values  in  Table  X  for  "low"  and 
"high"  control-display  luminance  conditions. 

5.5.5.13  Character  Height  and  Viewing  Oistance  -  For  general  dial  and 
panel  design,  with  the  luminance  normally  above  1  ft-L  (3.4  cd/m^),  charac¬ 
ter  height  should  approximate  the  values  given  below  for  various  distances: 


Viewing  Oistance 

a.  20  inches  (5i0  mm)  or  less 

b.  20  -  36  inches  (510-  910  mm) 

c.  36  -  72  inches  (910  mra  -  1.830  m) 

d.  72  -  144  inches  (1.330  -  3.660  m) 

e.  144  -  *.40  inches  (3.660  -  6.100  m) 


Height 

0.09  (2.3  mm) 
0.17  (4.3  mm; 
0.34  (8.6  m) 
0.68  (17  mm) 
1.13  (29  ns) 


5.5.6  Equipment  Labeling  - 

5. 5.6.1  Assemblies,  Components,  and  Parts  - 

5. 5. 6. 1.1  General  Requirements  -  Each  assembly,  component,  and  part 
shall  be  labeled  with  a  clearly  visible,  readable,  and  meaningful  name, 
number,  or  symbol. 


5. 5. 6.1. 2  Location  -  The  gross  identifying  label  bn  an  assembly  or 
major  component  shall  be  located: 

a.  Externally  in  such  a  position  that  it  is  not  obscured  by 
adjacent  asseii-lies  or  components 

b.  On  the  flattest,  most  uncluttered  surface  available 

c.  On  a  main  chassis  of  the  equipment 

d.  In  a  way  to  minimize  wear  or  obscurement  by  grease,  grime, 
or  dirt 


I 


Not  necessarily  desirable.  The 
functions  of  some  components  are 
so  obvious  as  to  preclude  necessi 
for  labeling. 


TABLE  X.  LABEL  SIZE  VERSUS  LUMINANCE 


MARKINGS 

HEIGHT*  1 

BELOW  1  ft-L 
(3.4ed/m2| 

ABOVE  1  ft-L 

0.4  ed/m2) 

For  critical  markings,  v.i : h  poiitiM 
variable  (e.g..  numerals  on  counters 
and  settable  or  moving  icilti): 

0.20-0.30” 

(S  —  7.5  mm) 

0.12-0.20” 
(3-5  nun) 

For  critical  markings,  mtn  position 
fixed  (e.g..  numerals  on  fixed  scales, 
controls,  and  switch  markings,  or 
emergency  instruct »onsi: 

0.15-0  JO" 

(3.B  -  7.5  nuol 

0.10-0.20" 

(2.5  -  $  mm} 

For  noncrilical  markings 

1*4  ,  identification  labels,  routine 
instructions,  or  markings  resiuired 
only  for  familiarization); 

0.05-0.20" 

(1.3  —  5mml 

0.05 -0.23' 

(1J  -  S  mm} 

Values  mwi  a  2B-in.  (710  irail  viewing  dnaan.  Far  a 
distance.  0.  oilw  than  21  in.  (710  mm).  mvto&f  Oa 
above  values  by  0/ZB  in.  (0/710  mm). 
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e.  In  a  way  to  preclude  accidental  removal,  obstruction,  or 
handling  damage. 

5. 5. 6. 1.3  Terms  -  Components,  circuits,  or  assemblies  shall  be  labeled 
with  terms  descriptive  of  the  test  or  measurement  applicable  to  their 
test  points  (e.g.,  demodulator  rather  than  crystal  detector  and  power 
amplifier  rather  than  bootstrap  amplifier). 

5. 5. 6. 1.4  Other  Criteria  -  In  addition  to  the  criteria  herein,  equip¬ 
ment  labels  and  placards  shall  conform  to  MIl-STD-129,  MIL-STD- 1 30, 
MIL-STD-195,  MIL-STD-41 1 ,  MIl-STD-783,  and  MIl-STO- 1247,  as  applicable. 

5. 5. 6. 2  Controls  and  Oi splays  - 

5. 5. 6. 2.1  General  Requirements  -  Controls  and  displays  shall  be  appro¬ 
priately  and  clearly  labeled  with  the  basic  information  needed  for 
proper  Identification,  utilization,  actuation,  or  manipulation  of  the 
element.  Integrally  illuminated  panels  shall  comply  with  HI L-P- 7788 . 

5. 5.6.2. 2  Simplicity  -  Displays  and  controls  shall  be  labeled  in  the 
simplest  and  most  direct  manner  possible.  Abbreviations  may  be  used 
when  they  are  familiar  to  operators  (e.g.,  psi,  g/cm2). 

5. 5. 6. 2. 3  Functional  Labeling  -  Each  control  and  display  shall  be 
labeled  according  ti  function,  and  the  following  criteria  shall  apply: 

a.  Highly  similar  names  for  different  controls  and  displays 
shall  be  avoided. 

b.  Instruments  shall  be  labeled  in  terms  of  what  is  being 
measured  or  controlled  taking  into  account  the  user  and  purpose. 

c.  Control  labeling  shall  indicate  the  functional  result  of  con¬ 
trol  movement  (e.g.,  increase)  and  may  include  calibration  data  where 
applicable.  Such  information  shall  be  visible  during  normal  operation 
of  the  control . 

d.  When  controls  and  displays  must  be  used  together  (in  certain 
adjustment  tasks),  appropriate  labels  shall  indicate  their  functional 
relationship. 


ORIGINAL  REQUIREMENT 


5. 5. 6. 2. 4  Location  -  The  following  criteria  shall  apply  to  the  location 
of  control  and  display  labels. 

a.  Ease  of  control  operation  shall  oe  given  priority  over  visi¬ 
bility  of  control  position  labels. 

b.  Labels  should  normally  be  placed  above  the  controls  and  displays 
they  describe.  When  the  panel  is  above  eye  level,  labels  may  be  located 
belcw  if  label  visibility  will  be  enhanced  thereby. 

c.  The  units  of  measurement  (e.g.,  volts,  psi,  meters)  shall  be 
located  on  the  panel. 

d.  Labels  shall  be  used  to  identify  functionally  grouped  controls 
and  displays.  The  labels  shall  be  located  above  the  functional  groups 
they  identify.  When  a  line  is  used  to  enclose  a  functional  group  and 
define  its  boundaries,  the  label  shall  be  centered  at  the  top  of  the 
group  either  in  a  break  in  the  line  or  just  below  the  line.  When 
colored  pads  are  used,  the  label  shall  be  centered  at  the  top  within 
the  pad  area. 

e.  Label  location  throughout  a  system  and  within  panel  groupings 
shall  be  uniform. 

5. 5. 6. 2. 5  Size  Graduation  -  To  reduce  confusion  and  operator  search 
time,  labels  "shall  be  graduated  in  size.  The  characters  used  in  group 
labels  shall  be  larger  than  those  used  to  identify  individual  controls 
and  displays.  The  characters  identifying  controls  and  displays  shall 
be  larger  than  the  characters  identifying  control  positions.  .With  the 
smallest  character  determined  by  viewing  conditions  each  label  shall  be 
at  least  approximately  25  percent  larger  than  the  next  smaller  label. 
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5.5.2  Orientation  and  Location 


5.5.2. 1  Orientation  -  Alphanumeric  characters  and  symbols  shall 
appear  "upright*'  to  the  observer  so  they  are  easily  recognized 
and  read  in  the  normal  manner  left  to  right.  Vertical  arrange¬ 
ments  of  words  for  labels  or  signs  shall  be  used  only  when  these 
are  not  critical  for  personnel  safety  or  task  performance,  and' 
where  space  is  limited.  When  used,  vertical  labels  shall  read 
from  top  to  bottom. 

5. 5. 2. 2  Location  -  Labels,  legends,  placards,  signs  and  markings 
shall  be  positioned  so  that  they  are  visible  from  the  nominal  or 
expected  observer's  viewpoint  reference  when  he  or  she  needs  to 
see  them,  i.e.,  the  observer  should  not  have  to  assume  an  unusual 
position  in  order  to  see  a  label,  nor  should  an  observer  have  to 
wait  to  get  past  an  obstacle  or  other  persons  in  order  to  see  a 
sign.  Labels  shall  be  placed  on  or  very  near  the  items  which  they 
identify,  so  as  to  eliminate  confusion  with  other  items  and  labels 
Labels  shall  be  located  so  as  not  to  obscure  other  information 
needed  by  the  operator,  and  shall  be  placed  where  a  control  or 
operator's  normal  hand  or  arm  position  will  not  obscure  the 

label  (see  Figure _ ). 

5. 5. 2. 3  Standardization  -  Labels,,  legends,  placards,  signs  and 
markings  should  be  located  in  as  consistent  a  manner  as  practical 
throughout  a  system,  equipment  or  facility. 


rationale/references 


Includes  normal  operator  position 
as  a  factor  in  placement  of  labels, 


Emphasizes  desirability  of  standard 
label  location  but  removes  manda¬ 
tory  requirement. 
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Locate  labels  consistently 
"above"  or  "below"  a  control 
or  display  on  a  given  panel 
("above"  is  preferred  except 
when  the  panel  is  located 
considerably  above  the  ob¬ 
server's  eye  level). 


Incorrect 


Locate  label  so  that  a 
control  handle  will  not 
obscure  the  label. 


Do  not  place  label 
on  a  control  that 
could  rotate  the 
label  to  an  upside- 
down  position. 
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Figure 


Do  not  place  placards  near  the 
floor  or  other  positions  that 
preclude  the  observer  from 
getting  his  or  her  eyes  in  a 
position  adequate  for  reading' 
the  placard . 


Poor 


-  Location  and  Position  of  Labels 
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rationale/references 


5.5.3  Content 

5.5.3. 1  Equipment  Functions  -  Labels  should  primarily  describe 
the  functions  of  equipment  items,  and  in  terms  that  the  typical 
operator,  technician  or  other  observer  understands.  Engineering 
characteristics,  nomenclature  or  other  terminology  shall  only 

be  used  when  a  commonly-understood  term  is  not  available. 

5. 5. 3. 2  Abbreviations  -  Standard  abbreviations  shall  be  selected 
in  accordance  with  MIL-STD-12 ,  MIL-STD-41 1 .  or  MIL-STD-783  where  | 
appropriate.  However,  when  the  above  references  specify  the  same  j 
abbreviation  for  more  than  one  function,  such  abbreviation  shall 
not  be  used  for  more  than  one  function  on  the  same  equipment  panel 
If  a  new  abbreviation  is  required,  its  meaning  shall  be  obvious 

to  the  intended  observer. 

5 .5. 3. 3  Capital  vs  Lower-Case  Letters  and  Punctuation  -  The 
following  snail  be  observed  relative  to  use  of  capital  or  lower¬ 
case  letters  and  punctuation  marks: 

a.  Labels  shall  be  printed  in  all  caps,  and  periods  shall 
not  be  used  after  abbreviations. 

b.  Legends  shall  be  printed1  in  all  caps,  and  periods  or 
commas  shall  not  be  used. 

c.  Placards  (e.g.,  instructional  material)  may  employ  caps 

and  lower  case  when  the  amount  of  material  consists  of 
several  lines.  However,,  for  short  instructional  material 
all-caps  are  preferred.  An  acceptable  all-cap  approach 
may  also  include  use  of  larger  caps  for  the  initial 
letter  in  a  paragraph  or  separate  line  of  instruction  or 
procedural  step  (see  Figure^ _ _ ) . 

d.  Signs  shall  -.onsist  of  all-caps,  except  in  the  case  when 
the  sign  material  is  "instructional”  and  involves  several: 
'lines  of  extended  sentences — in  which  case  caps  and  lower 
case  letters  may  be  used. 


Provides  the  definitive  requirements 
on  capitalization  and  punctuation 
necessary  for  consistency  of  usage. 

Ref:  Woodson  and  Conover,  Human 

Engineering  Guide  for  Equipment 


I 


j  Figure 
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TO  EJECT 


FOR  EMERGENCY  EJECTION  IN  FLIGHT 
JETTISON  CANOPY  BY  PULLING  CANOPY 
JETTISON  HANDLE.  HOOK  HEELS  IN 
STIRRUPS.  RAISE  BOTH  ARM  RESTS 
TO  HORIZONTAL  POSITION.  ASSUME 
ERECT  POSTURE.  ACTUATE  EJECT 
HANDLE . 


Poor:  Too  long;  procedural  steps  run  together. 


TO  EJECT 

JETTISON  CANOPY 

• 

FEET  IN  STIRRUPS 

• 

RAISE  ARM  RESTS 

SIT  ERECT 

• 

PULL  EJECT  HANDLE 

Preferred:  Short.,  each  step  on  separate  line. 


-  Example  Instruction  Placard  Formatting  and 
Type  Style 


i 
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rationale/references 


5.5.3 .4  Irrelevant  Information  -  Non-operational  information 
shall  not  appear  conspicuously  on  the  face  of  instruments,  e.g., 
trade  names,  manufacturer  specification  numbers,  etc.;  if  1 

required,  such  markings  shall  be  3ubdued  by  small  size,  reduced 
contrast,  and/or  inconspicuous  location  so  the  operator's  atten¬ 
tion  is  not  drawn  away  from  critical  instrument  markings. 


5.5.4  Qualities 

5. 5. 4.1  Brevity  -  As  few  words  as  necessary  to  convey  the  in¬ 
tended  meaning  shall  be  used  on  labels,  legends,  placards  and 
signs.  Special  marking  and/or  symbols  shall  be  considered  when 
they  will  unambiguously  convey  meaning  in  a  more  direct  manner 
than  several  words,  e.g.,  pictorials,  arrows. 

5. 5. 4. 2  Familiarity  -  Words  and  symbols  shall  be  chosen  on  the 
basis  of  user  familiarity  whenever  possible,  provided  the  words 

of  symbols  express  exactly  what  is  intended.  Engineering  or  other 
technical  terms  shall  be  used  only  when  such  terms  are  familiar 
to  the  specific  designated  user.  (Common  technical  terms  or 
symbols  do  not  have  to  be  familiar  to  casual,  nonusers.)  Common, 
meaningful  symbols  (e.g.,  Z  and  +)  may  be  used  as  necessary. 
Abstract  symbols  (e.g.,  Greek  letters)  shall  be  used  only  when 
they  have  a  commonly  accepted  meaning  to  all  intended  users. 

5. 5. 4. 3  Understandability  -  Extended  instructional  or  procedural 
information  for  placards  and  signs  shall  be  concise,  but  under¬ 
standable  to  the  intended  user,.  The  following  shall  be  considered 

a.  Omit  words  that  are  not  absolutely  necessary  to  convey 
the  meaning  of  the  message. 

b.  When  procedural  steps  are  implied,  place  each  procedural 

step  on  a  separate  line,  and  include  numbers,  dots  or 
other  techniques  to  emphasize  the  beginning  of  each  step. 
(See  Figure _ . ) 

c.  Use  acronyms  only  sparingly,  and  when  it  is  known  that: 
they  are  familiar  to  the  intended  uBer. 

d.  Avoid  use  of  instructions  that  require  reference  to 
another,  perhaps  unavailable  resource  (e.g.,  technical 
manual).  Such  reference  may  however  be  used  for  placards 
'that  pertain  only  to  a  depot  maintenance  situation,  and 
where  resource  materials  are  typically  available. 


Introduces  usage  of  symbols  where 
they  may  be  more  clear  than  words. 


New  requirements  needed  for  placards 
and  signs,  based  on  professional 
judgment. 
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5 .5. 4. 4  Visibility  and  Legibility  -  Labels,  legends,  placards, 
sighs  and  markings  shall  be  designed  to  be  read  easily  and  accu¬ 
rately  at  the  anticipated  operational  reading  distances,  vibration^ 
motion  environment,  and  illumination  levels,  taking  into  consider¬ 
ation  the  following  factors: 


a. .  Contrast  between  the  lettering  and  its  immediate  back¬ 

ground. 

b.  Height,  width,  stroke  width,  spacing,  and  style  of 
letters  and  numerals,  and/or  size  of  detail  for  other 
abstract  or  pictorial  symbols. 

c.  Method  of  application  (e.g.,  etching,  engraving,  decal, 
silk  screen) . 


d.  Relative  legibility  of  alternate  words. 

e.  Specular  reflection. 

5. 5.4.5  Consistency  -  When  function  and  application  is  identical 
words  or  abbreviations  used  shall  be  identical,  i.e.,  slightly 
different  words  .shall  not  be  used  to  identify  several  controls  or 
displays  that  actually  are  identical.  Conversely,  the  same  words 
shall  not  be  used  to  identify  two  or  more  controls  or  displays 
when  these  are  not  functionally  identical. 

5. 5.4.6  Label  Background  -  Label  background  colors  shall  contrast 
visually  with  “equipment  background  specified  in  5.7.9.  No  special 
additional  background  for  the  label  shall  be  used  on  the  equipment 
without  approval  of  the  procuring  activity.  Placards  of  signs 
•that  include  their  own  independent  background  shall  provide  maxi¬ 
mum  contrast  be  tween  the  lettering  and  immediate  background. 

Shiny  metallic  backgrounds  shbuld  hot  be  used  for  operational 
labels,  placards,  signs  or  marking. 


5. 5.4.7  ,Label  Life  -  Characters^  markings,  and  symbols  on 
labels,  legend3,  placards,  and  signs  shall  remain  sharp,  have 
high  contrast,  and  be  mounted  so  as  to  minimize  the  degrading 
effects  of  wear  or  obscuremeht  by  grease,  grime  or  dirt. 


New  requirement  to  ensure  consist¬ 
ency  throughout  the  system. 


Adds  a  prohibition  on  use  of 
shiny  metallic  backgrounds  for 
labels. 
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5. 5. 4. 8  Access  ~  Labels  shall  be  placed  on  the  outside  of  equip¬ 
ment  covers  to  identify  control,  display  or  other  functions  loca¬ 
ted  within  a  covered  compartment.  Labels  attached  to  lines  or 
cables  for  the  purpose  of  identification,  shall  be  positioned 
so  the  label  is  visible  and  properly  oriented  with  respect  to 
the  nominal  viewing  position  of  the  technician,  i.e(i  when  labels 
are  attached  during  bench  assembly  (as  opposed  to  attachment  when 
lines  or  cables  are  assembled  on  the  equipment),  labels  shall  be 
oriented  for  the  benefit  of  the  eventual  field  technician,  not 
the  factory  assembler.  Both  ends  of  a  cf.ble  or  line  shall  be 
labeled,  and  the  connector  elements  shall  also  contain  appropriate 
matching  labels.  v 

5-5*4*9  Label  Surface  -  Whenever  practicable,  labels,  legends, 
placards  or  signs  shall  be  placed  on  a  flat  surface.  If  a  label 
must  be  placed  on  a  curved  surface,  lettering  or  symbols  shall  be 
completely  visible  to  the  observer  £r-‘<sn  his  or  her  nominal  vantage 
po^nt  (i.e..,  portions  of  characters  or  symbols  shall  not  dis¬ 
appear  due  to  the  size  of  the  symbols  and  the  cufvature  of  the 
surface.)  When  the  curvature  is  such  that  the  lettering  would 
become  too  small  to  be  read,  another  mode  of  labeling  shall  be 
usedj  e.g.,  attached  tag,  etc. 

5.5.4.10  Figure-Ground^  Contrast  -  £lJse  original  material  from 
par.  5.5.571  and  5. 5. 5. 2.1 
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5.5.5  Design  of  Letters,  Numerals  and  Symbols  This  section  presents  a  much  more 

comprehensive  and  better  organized 

5. 5. 5.1  Letter/Numeral  Design  set  of  requirements  for  design  of 

“  '  ”  letters,  numerals,  and  symbols. 

5. 5. 5. 1.1  Type  Style  -  Letters  and  numerals  shall  be  of  a  simple 

style  without  serifs  except  as  may  be  necessary  to  distinguish  5.5.5.L.T  Less  restrictive  than 

between  characters  which  would  otherwise  be  confused  (e.g.,  1  and  1472B,  in  allowing  characters  of 

1),  Acceptable  styles  are  shown  in  Figures _  and  Other  simple  style  without  serifs. 

specific  styles  may  be  acceptable  provided  they  conform  generally 
with  the  simple  style  in  the  illustrated  fonts.  Capital  letters 
shall  be  used  for  labels,  legends  and  short  messages  (only  a  few 
words).  Lower  case  should  be  used  on  placards  and  signs  with  long 
messages  (e.g.,  complete  text  sentences). 


5. 5. 5. 1.2  Letter/Numeral  Width  -  The  vidth-to-height  ratio  shall 
be  between  3:5  and  1:1  for  all  characters  and  .styles  except  for 
the  "I"  and  "1".  (The  1:1  ratio  is  appropriate  for  use  on  curved 
surfaces  such  as  counter  drums,  small  pipes,  and  cables.) 


Ref:  McCormick,  Human  Factors  in 
Engineering  and  Design,  T97t 

p.  90. 


5. 5. 5. 1.3  Character  Stroke  Width  -  When  characters  are  used  Includes  variation  of  stroke  width 

on  a  light  background,  the  stroke  width  shall  be  approximately  on  signs  for  emphasis. 

1/6  the  height  of  the  character.  When  light  characters  are  used 
on  a  dark  background,  the  stroke  width  shall  be  1/7  to  1/8  the 
height  of  the  character.  Note:  The  above  ratios  shall  apply 
regardless  of  how  high  characters  are  made  for  distance  viewing. 

However,  for  certain  applications",  characters  with  different 
stroke  widths  may  be  used  on  the  same  sign  for  emphasis.  In  this 
case,  the  thinnest  character  stroke  should  be  no  less  than  1/8 
nor  the  thickest  character  stroke  greater  than  1/5  respective 
character  heights. 

5. 5. 5. 1.4  Stroke  Continuity  -  Continuous  stroke  characters  shall  New  requirement  for  stroke  con- 

be  used  where  applicable  and  practical  for  all  equipment  labels,  timiity,  and  limiting  the  breaks 

legends,  placards  and  signs.  (For  dot  or  segment  pattern  alpha-  in  stencil  characters, 

numeric  characters,  see  5. 2. 6. 2. 3).  Stencil  characters  may  be 

used  for  shipping-containers.  Stencil  characters  shall  not  have 
stroke  breaks  greater  than  1/2  the  character  stroke  width.  Sten¬ 
cil  stroke  widths  should  conform  to  requirements  in  5. 5. 5. 1.3. 
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(MIL-M-18012) 


A  B  C  D 
E  F  G  Hi 
I  J  K  Li 
M  uMM 

Bfyili! 


»  .  .  *»*■*■ 

t  «■*  rim.la 

•  . . . 

T  vvst, 

Maximally  legible  numeral/letter  style  based  on  individual 
character  recognition  (available  in  LeRoy  lettering  guides) 

Equipment  that  must  meet  ISO  standards,  refer  to  ASCC  AIR  STD 
10/6D  "Numerals  and  Letters  for  Aircrew  Station  Displays". 


News  Gothic  (Standard  printer's  type) 

ABCDEFGHIJKLMNOPQRSTUVWXYZ& 
abcdefghijklmnopqrstuvwxyz 123456789 
0$  -"’i? 

V  y  •  j  •  y  •  • 

Helvetica  (Standard  printer's  type) 


Figure  _  -  Examples  of  Acceptable  Letter /Numeral  Styles  for 

Use  on  Instruawnts,  Labels,  legends,  Placards,  Signs 
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{MINIMUM  SAA C£  BETWEEN  CHARACTERS.  I  STROKE  WIDTH; 
BETWEEN  WORDS.  6  STROKE  WIOTHSI 


teller  Height  vs  Viewing  JMsiance  and  Illumination  Level 


(Metric  conversion:  1"  *  2.54  cm) 


—  FOR  INSTRUMENTS  WHERE  THE  POSITION  OF  THE  NUMERALS  MAY  VARY  AND  THE 
ILLUMINATION  IS  BETWEEN  0.03  AND  1.0  FT-L 

...  FOR  INSTRUMENTS  WHERE  THET’OSITION  OF  THE  NUMERALS  IS  FIXED  AND  THE 
ILLUMINATION  IS  0.3- 1.0  FT-L  OR  WHERE  POSITION  OF  THE  NUMERALS  MAY  VARY. AND 
THE  ILLUMINATION  EXCEEDS  1.0  FT-L 

.  _  FOR  INSTRUMENTS  WHERE  THE  POSITION  OF  tHE  NUMERALS  IS  FIXED  AND 
THE  ILLUMINATION  IS  ABOVE  l.OFi'-L 


*  Note:  For  Marking  cf  Aircrew  Station  Displays  Re£:  MIL- 
M-18012B. 


Figure 


Character  Height  Criteria  for  Instruments, 
Panels  and  Equipment  Viewed  in  Close  ProximLty 
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IETTCI  HEIGHT  (INCHES) 
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5.5. 5. 2  Character  Spacing  -  The  minimum  space  between  characters  Clarifies  the  criteria  for 

within  a  word  shall  fee  one  stroke  width.  However,  character  character  spacing, 

spacing  should  be  adjusted  to  provide  an  appearance  of  "open  area 

balance"  within  single  words,  i.e.,  when  adjacent  vertical  strokes  Ref:  Woodson,  Handbook  of  Human 
between  adjoining  characters  are  compared  to  adjacent  characters  Factors  Engineering  Da ta , “ 

in  which  vertical  components  are  far  apart  the  word  will  appear  Ch.  3,  p.  44,  (in  press), 

to  be  properly  spaced.  In  such  cases  it  is  recommended  that  the 
space  between  adjacent  vertical  strokes  be  slightly  wider  than 
between  vertical/horizontal  or  horizontal/horizontal  strokes. 

5. 5. 5. 3  Word  Spacing  -  The  preferred  space  between  words  is  the 
width  of  one  character  (except  for  "I"  or  "1").  Minimum  spacing 
between  words  shall  be  i/2  the  width  of  one  character. 

5.5. 5. 4  Confusion  Between  'I',  '1'  and  ' L '  and  Between  ’O’  and  '0  -■ 

When  a  label,  legend,  placard  or  sign  contains  characters  which  New  requirements  to  preclude  '-on- 
might  be  confused  between  one  another,  they  should  be  made  distin-  fusion  between  certain  character 
guishably  different  as  follows:  pairs. 

a.  The  lower  case  letter  ’t*  should  have  a  tab  at  the  lower 
end  extending  to  the  right. 

b.  The  numeral  * i *  should  have  a  tab  at  the  upper  end  extend¬ 
ing  to  the  left. 

c.  The  numeral  zero  should  appear  narrower  than  the  letter 
’O'  of  a  given  font. 

5. 5. 5. 5  Line  Spacing  -[use  original  material  from  par.  5.5.5.11.] 

5. 5. 5. 6  Character  Height  -  Character  height  for  labels,  legends, 

and  signs  shall  be  determined  on  the  basis  of  criteria  in  Figures 
_ and _ . 

5. 5. 5. 7  Pictorials  —  Pictorial  -symbols  may,  be  used-  in  place  of  Introduces  coverage  of  pictorials, 

certain,  one-  or  two-word  labels,  and/or  in  addition  to  a  word  not  included  in  1472B.’ 

label  when  the  pictorial  provides  quicker  operator  response  (i.e., 
the  observer  can  grasp  the  meaning  faster  than  would  occur  in 
reading  . a  word  or  words)..  _  Pictorials  shall  be  completely  unambig¬ 
uous  under  the  expected  visual  operating  environments  (i.e.,  the 
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I“LPrQV^es  sufficient  descrimination  of  symbol  detail  and  ad- 
amh™nt  or  internal  illumination  is  provided)  Pictorials 


rationale/references 


FMVSS-101  "Control  Location, 
Identification  and  Illumination 
Standards  established  by  SAE 
Driver  Controls  Standardization 
Committee. 
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5.5. 5. 8  Borders  -  There  shall  be  sufficient  clear  space  between 
characters  and  words  used  for  labeling  or  signing  to  prevent  the 
label  from  appearing  crowded  and  in  some  cases  difficult  to  read. 
The  minimum  clearance  around  a  character  or  word  shall  be  1/2 
character  height,  preferably  more.  On  the  other  hand  clearance 
around  a  character  or  word  or  set  of  words  should  not  make  the 
label  appear  "lost"  within  a  large  expanse  of  background,  i.e., 
the  label  should  be  appropriately  framed  to  aid  the  observer  in 
focusing  on  the  character  or  words.  No  performance  limits  have 
been  established  for  maximum  clearance  around  a  label. 

5.5.6  Equipment  Labeling 

5 .5 .6.1  Assemblies,  Components,  and  Parts 

5. 5. 6. 1.1  General  Requirements  -  Each  assembly,  component,  and 
part  shall  be  labeled  with  obyious  exceptions  (i.e.,  carrying 
handles,  panel  fasteners,  equipment  locks,  door  handles,  and/or 
vehicle  steering  wheel,  aircraft  joystick,  etc.).  All  labels 
shall  conform  to  requirements  herein  with  regard  to  visibility, 
readability  and  meaningfulness. 

5. 5. 6. 1.2.1  Cabinets  -  When  several  equipment  cabinets  are  loca¬ 
ted  in  a  single  work  area,  each  cabinet  should  be  labeled  to  aid 
the  operators  and  other  personnel  in  quickly  identifying  what  each 
equipment  cabinet  is,  i.e.,  radar  unit,  communications  unit, 
computer,  etc.  Such  identification  labels  shall  be  located  in  a 
conspicuous  position  considering  the  typical  observation  points 
from  which  each  equipment  should  be  identifiable.  Primary  cabinet 
labels  should  be  located  in  as  consistent  a  manner  as;  practicable 
so  that  observers  do  hot  have  to  hunt  for  tne  label.  The  size  of 
the  material  on  each  label  shall  be  consistent  with  viewing  dis¬ 
tance  requirements:. 

5. 5. 6. 1.2. 2  Panels  -  Where  applicable;,  each  panel  within  a  given 
equipment  or  console  shall  be  labeled  if  the  panel  must  be  identi¬ 
fied  from  others,  i.e. ,  when  a  given  panel  integrates  a  specific 
operating  function  as  distinct  from  another  panel,  a  general  ays-  . 
tern  or  subsystem  identification  label  shall  be  provided. 


rationale/references 

New  material  on  requirements  for 
clearance  around  labels. 


Systematically  covers  requirements 
for  labeling  for  typical  applications 
such  as  parts,  panels,  cabinets, 
etc. 
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rationale/references 


5. 5. 6. 1.2. 3  Sub  Functions  -  When  sub-function  areas  on  a  sinple 
panel  must  be  easily  and  quickly  differentiated  from  other  areas 
on  the  panel,  the  sub-function  area  should  have  a  label  approxi¬ 
mately  "centered"  above  the  sub-function  area.  When  the  shape  of 
the  components  within  the  sub-function  area  is  not  uniform,  con¬ 
sideration  should  be  given  to  surrounding  the  area  with  a  suitable 
border  to  define  the  limits  of  the  sub-function  area. 


5;5.6, 1.2.4  Cabinet,  Panel,  Sub-Function  and  Component  Label 
Differentiation  -  Labels  tor  identifying  a  prime  equipment 
cabinet  vs  panels,  sub-functions  on  a  panel,  and  individual  panel 
components  should  be  differentiable  in  terms  of  the  label  size 
(e.g.,  letter  height).  The  size  encoding  should  progress  as 
follows: 


a.  Largest  label  size  for  the  prime  equipment. 

b.  Next  largest  label  for  individual  panels. 

J 

c. .  Next  largest  label  for  sub-function  areas  within  a  panel. 

d.  Smallest  label  for  individual  components,  e.g.,  displays, 
controls. 

Note:  Label  sizes  shall  be  compatible  with  expected  viewing  dis¬ 
tances.  However,  to  provide  discriminable  differences  among  label 
sizes,  each  label  character  height  should  be  at  least  20  percent 
(25  percent  is  preferred)  larger  or  smaller  than  the  next  function 
level.  (Refer  to  example,  Figure _ ). 


COUffMEXr 


firit 


Largest  label  size 


gure 


"  Label  SizeHIierarchy  Example  for  Equipment, 
Panel,  Subpanel  and  Component  Identification 
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rationale/references 


5 . 5. 7  Control-Display  Labeling 

5.5. 7.1  General  Requirements  -  lUse  material  from  original 

iar,  5.5.6.T7q -  - 

5. 5.7. 2  Simplicity  -  [Use  material  from  original  par.  5. 5. 6.2. 2.] 

5.5  3  Functional  Labeling  -  (Use  material  from  original  par. 

5.5.6.2.30 

5. 5. 7. 4  Location  -  The  following  shall  apply  to  the  location 
f  control  and  display  labels. 

a.  Ease  of  control  operation  shall  be  given  priority  over 
visibility  of  control  position  labels. 

b.  Labels  may  be  located  either  on  the  control  or  display 
and/or  on  the  panel  adjacent  arid  above  the  control  or 
display  as  appropriate.  However,  consideration  shall 
be  given  to  an  alternate  label  position  relative  to  the 
control  if  the  control  and/or  the  operator’s  hand  will 
obscure  the  label,  i.e.,  if  the  display  or  control  is 
above  the  operator's  eye  level  it  may  be  more  appropriate 
to  locate  a  particular  label  below  the  display  or  control , 
(See  also  5. 5. 2. 2  and  5.5.2.31. ) 

c.  The  units  of  measurement  (e.g.,  volts,  psi,  meters) 
associated  with  a  display  should  be  located  on  the  face 
of  display;  but  for  a  control  they  should  be  on  the 
panel  adjacent  to  the  control. 

d.  [use  original  material  from  par.  5. 5.6. 2. 4  (d) .] 

e.  Label  location  throughout  a  system  and  within  panel 
groupings  shall  be  as.  uniform  as  is  practicable. 

5. 5. 7.5  Size  Graduation  -  Size  graduation  should  be  used  when 

control  has  both-  an  identifying  label  and  sub-labels  and/or 

umerical  graduations  :{see  5.5 .6 . 1.2.4) . 


Recognize's  that  there  may  be  excep¬ 
tions  to  absolutely  uniform  loca¬ 
tions. 

The  size  graduations  were  specified 
as  part  of  the  requirements  for  label¬ 
ing  different  sizes  of  equipment 
items  in  5.5.6. 1 .2. 
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RAT  I ONALE/REFERENCES 


5.5.8  Hazard  Signing  and  Marking  -  Appropriate  signing  and 
marking  of  all  potential  hazards  to  personnel  shall  be  provided. 
The  following  shall  be  considered: 


New  material  covering  signs 
hazardous  situations. 


for 


a.  Fixed  physical  obstructions  (i.e.,  low  overheads,  open 
hatches  or  manholes,  posts,  guard  rails,  etc.). 

b.  Moving  hazards  (i.e.,  conveyor  belts,  chains,  gears, 
loaders,  cranes,  booms,  etc.). 

c.  Equipment  contact  hazards  (i.e.,  high  voltage,  high 
temperature,  etc.). 


d.  Radiation  hazards  (i.e.,  electromagnetic,  nuclear). 

e.  Laser  beam. 

f.  Toxic  contaminants  (substances  and  gases). 

g.  Flash  or  high  intensity  light. 

h.  Requirement  for  safety  glasses. 

i.  High  noise  or  blast. 

j.  Requirements  for  hard  hats. 

k.  Explosives. 

l.  High  pressure  containers,  hose,  etc. 

m.  Slipping  and  falling  hazards. 

n.  Other  (i.e.,  Fire,  First  Aid,  rescue,  e;g.,  "cut-here"’ 
aircraft  fuselage  marking,  "NO  STEP",  etc.). 

5. 5. 8.1  Color  Coding  -  Surface  colors  selected  for  identification 
of  physical  Hazards  shall  conform  to  criteria  in  Table _ . 


Ref:  Woodson,  Handbook  of  Human 
Engineering  Data,  Ch.  3, 
p nr  (in  press) . 
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Table _  Surface  Colors  for  Identification  Coding 


Application 

Color* 

led  is  the  basic  color  for  fire  (e.g.,  alarm  boxes, 
extinguishers,  buckets,  etc.),  danger  (e.g.,  cans 
with  flammable  contents,  safety  pin  streamers, 
signs,  etc.),  "stop"  (bars  on  hazardous  machinery, 
switches,  signs,  etc.),  and  emergency  (equipment 
shut-down  switches,  police  lights,  etc.). 

.led  -  11105 

Orange  is  also  used  for  dangerous  conditions;  e.g., 
hazardous  moving  parts  of  machines,  starting 
switches,  machinery,  levers  inside  of  guards 
for  gears,  chains,  cutting  edges,  and  pulleys, 
starting  buttons,  etc. 

Orange  -  12246 

Yellow  is  the  basic  color  used  for  designating 
caution  and  marking  physical  hazards  that  might 
cause  a  person  to  stumble,  trip,  fall,  collide,  etc. 
Yellow  and  black  stripes  are  usually  recommended 
for  mobile  equipment,  covering  on  guy  wires, 
unguarded  platforms,  pillars  and  columns,  and 
emergency  controls  used  with  red  lighting  (e.g., 
landing  gear  emergency  handles,  ejection  seat 
handles,  etc.). 

Yellow  -  13655 

Green  is  the  basic  color  used  for  designating 
safety  and  first-aid  equipment  (surviyal  kits, 
first-aid  kits,  stretchers,  etc,). 

Green  -  14187 

Blue  is  another  color  used  to  designate  caution; 
it  is  generally  limited  to  warning  against 
starting  or  using  equipment  under  repair  (barrier 
flags  or  signs  for  elevators,  ovens,  boilers, 
etc. ) . 

Blue  -  15102 

Purple  is  the  basic  color  used  to  designate 
radiation  hazards.  Yellow  should  be  usjed  with 
purple  for  tags,  l.ibels ,  and  signs  for  rooms 
and  containers  storing  radioactive  material  or 
for  containers  and  areas  contaminated  with 
radioactivity. 

Purple  -  17142 

*FivD-STD-595 

# 

'■  •'  ' '  '  4 

-  -<-* '  *  -  =- 

{ 


5.7  GROUND  WORKSPACE  DESIGN  REQUIREMENTS  - 
5.7.5  General  - 


5-7-5 Panel  Slope  -  For  normal  console  operation,  the  slope  of  the 
control-display  panel  surface  shall  begin  at  the  level  of  the  console 
shelf. 


This  is  not  the  most  important 
criterion  for  establishing  departure 
point  for  the  panel  slope. 
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5. 7. 1.4  Panel  Slope  -  Visual  display  panels  should  be  oriented  Provides  criteria  for  establishing 
to  position  displays  in  a  convenient  orientation  for  comfortable  the  departure  point  for  the  display 
and  parallax-free  viewing.  The  following  factors  shall  be  con-  panel  and  its  slope, 
sidered  in  determining  the  most  appropriate  panel  orientation: 

a.  The  normal  eye  reference  level.  Professional  judgment. 

b.  The  typical  head  slump  angle  (see  Figure  1). 

c.  Whether  both  a  standing  and  seated  observer  must  have 
visual  access  to  the  display(s). 

d.  Whether  controls  have  to  be  mounted  on  the  same  panel. 

e.  Whether  the  panel  slope  will  position  displays  so  that 
ambient  light  reflections  and/or  reflection-  of  the 
operator  in  the  face  of  a  display  will  obs.cure  display 
details. 

f .  How  far  the  operator  must  be  away  from  the  panel  due 

to  desk  area  requirements,  i.e.,  for  writing,  a  keyboard 
or  other  controls.  For  typical  console-panel  orientation 
and  dimensions  see  Figures  24,  25  and  26. 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5.7.2  Standing  Operations  - 

5. 7.2.1  Work  Surface  -  Convenient  work  surfaces  to  supoort  job  instruc¬ 
tion  manuals,  worksheets,  etc.,  shall  be  provided  for  standing  operators. 
Work  benches  and  other  work  surfaces  shall  be  36  +0.5  inches  (915  ±15  mm) 
above  the  floor,  unless  otherwise  specified. 
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5. 7. 2.2  Display  Placement.  Normal  -  Visual  displays  mounted  on  vertical 
panels  and  used  in  normal  equipment  operation  shall  be  placed  in  an  area 

i  between  41  inches  (1.040  m)  and  74  inches  (1.8S0  m)  above  the  standing 
I  surface. 

5. 7. 2. 3  Display  Placement,  Special  -  Indicators  that  must  be  read  pre¬ 
cisely  and  frequently  shail  be  placed  in  an  area  between  50  inches 
(1.270  m)  and  69  inches  (1.750  m)  above  the  standing  surface. 

!  5. 7. 2. 4  Control  Placement,  Normal  -  All  controls  mounted  on  -a  vertical 
*  surface  and  used  in  normal  equipment  operation  shall  be  located  in  an 
'  area  between  34  and  74  inches  (860  mm  end  1.880  m)  above  the  standing 
j  surface. 

!  5. 7. 2. 5  Control  Placement,  Special  -  Controls  requiring  precise  or 
j  frequent  operation  and  emergency  controls  shall  be  mounted  between  34 
i  and  57  inenes  (860  and  1  .■*50  m)  above  the  standing  surface  and  no 
■  further  than  22  inches  (560  mm)  laterally  from  the  centeriine. 
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28&x£r~ 

mcnes)  and  188.0  cm  <74  inches)  above  the  standing  surface. 

158.0  c.  (74  inches)  above  £b“  sC«J“r»SrfcM  ' 

5;I;.2:4,  ^eciaI  Applications  -  Controls  requiring  precise  or 
b«2!In 86^r?"K4TSrf3rt8e5SV-coHtr?ls  shal*  mounted 
surface  ISd^f  “^thin^S 9  cm^iLSe^, ‘U* 
the  normally-positioned  operator’s  ce^terl'ne *  DisolaJ*7  frOI?  • 

?50C^e«fre<Jl!ent  5eadout  s*»»H  be  placed  between  127  tJ  17§  S*"* 
(50  to  69  inches  above  the  standing  surface 


_ rationale/references 

We  assume  standard  equipment  racks 
would  be  the  typical  situation  for 
stand  operation. 

Conforms  to  generally  to  the 
preferential  ranges  in  MIL-HDBK  759, 
but  * x levs  somewhat  greater  toler- 
ance  frdc  the  optimum. 
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OS  16 INAL  REQUIREMENT  | 

KFI  COMMENTS 

i 

5.7.3  Seated  Operations  - 

5. 7. 3.1  Work  Surface  Width  -  A  lateral  workspace  of  at  least  30  inches 
(760  nn)  Wide  and  16  inches  (400  inn)  deep  shall  be  preyided  whenever 
practicabl-e. 

1 

\ 

5 

£.7,3.6  Display  PVicereni.  'ior-41  -  visual  cie.>:.,yr,  counted  on  vertical  ! 
panels  and  used*  in  non-.Vi  e*qjipment  operation  Shill  be  placed  in  an  < 

area  between  6  and  43  inches  4 1 50  ure  and  1.220  n}  above  the  sitting  ! 

|  surface. 

£.7.3.7  Display  Placement.  Special  -  indicators  that  oust  be  read  pre¬ 
cisely  and  frequently  shall  b:  placed  ir.  an  a«ea  between  1-  an'd  37 
inches  {260  and  940  cr.)  above  the  sitting  surface,  and  no  further  then 
22  inches  (560  cm}  laterally  from  the  centerline.  j 

1 

£  7.3.8  War  nine  Displays  -  for  "sit"  consoles  requiring  horizontal  : 

vision  over  the  top.  critical  visual  warning  displays  shall  be  eomted 
at  ieast  22.5  inches  (570  icn}  abo.e  the  sittin-'  Surface.  . 

£.7.2.5  Control  Placement.  Korea 1  -  All  controls  counted  on  a  vertical 
surface  and  used  in  nonr-al  equipment  operation  shall  be  located  in  an 
area  between  8  and  35  inches  {230  and  830  m)  above  the  sitting  surface. 

5.7.3.10  Control  Placement,  Special  -  Controls  requiring  precise  or 
frequent  operation  shall  be  mounted  between  8  and  30  inches  (-2 00  and 
760  m)  above  the  sitting  surface. 


_ HF11  RECOMMENDED  MODIFICATION 

5. 7. 3.1  Work  Surface  Width 

5*7  •  3-.  l-.-l  Writing  -•  A  minimum  area  61  cm  wide  by  41  cm  deep 
(24  by  16  inches )  should  be  provided  when  a  writing  surface  is 
required  (the  preferred  area  is  greater,  i.e.,  76  by  51  cm 
(30  by  20  inches)) . 

5.7.3. 1.2  Special  Requirements  -  When  a  horizontal  work  space 
must  accommodate  keyboards,  other  controls,  and/or  controls  plus 
Wu1*’un®  area j  spatial  dimensions  and  configuration  shall  provide 
the  best  compromise  for  the  multi-task  roles  considering  the 
following:  & 

a.  Relationships  between  desk-mounted  controls  and  other 
displays  mounted  on  forward,  vertical  and/or  sloping 
panels. 

b.  Convenience  requirements  for  operating  certain  desk- 
mounted  controls  (e.g. ,  joystick,  track  ball). 

c.  Convenience  for  writing,  considering  both  left  and 
right-handed  operators. 


_ rationale/references 

Breaks  out  writing  area  as  a 
separate  requirement. 


Introduces  special  requirements 
where  the  operator  station  must 
accommodate  multiple  tasks. 


MF I  RECOMMENDED  MODIFICATION 


5, 7. 3. 6  Display  Placement,  Typical  -  Console  or  rack-mounted 
displays  viewed  from  a  seated  position  shall  be  located  between 
15  to  12 2  cm  (6  to  48  inches)  above  the  sitting  surface. 


rationale/references 


5. 7. 3. 7  Control  Placement f  Typical  -  Console  or  rack-mounted 
controls  operated  from  a  sitting  position  shall  be  located  between 
20  89  cm  (8  to  35  inches)  above  the  sitting  surface. 


5 . 7 . 3 . 8  Special  Applications 


5. 7. 3. 8.1  Precision  Requirements  -  When  display  readout  accuracy 
and  continuous  or  frequent  monitoring  is  required,  such  displays 
shall  be  located  between  36  to  94  cm  (14  to  37  inches)  above  the 
sitting  surface.  Controls  requiring  precise  or  frequent  opertion 
shall  be  located  between  20  to  76  cm  (8  to  30  inches)  above  the 
sitting  surface. 


5. 7. 3. 8. 1  Over-the-Top  Viewing  and  Warning  Display  Location  -  For 
"sit"  ciwst'ies  requiring  horizontal  vision  over  the  top  (i.e., 
to  monitor  displays  external  to  the  console),  the  top  of  the  con¬ 
sole  shall  not  be  more  than  73.7  cm  (29  inches)  above  the  seat 
surface,  and/or  less  if  the  external  display  cannot  be  located 
so  that  its  lowest  display  element  can  be  placed  high  enough 
to  be  viewed  under  the  above  specification .  Critical  warning 
displays  mounted  on  the  console  shall  be  located  at  least  57  cm 
(22.5  inches)  above  the  sitting  surface. 


Adds  requirements  for  over-the-top 
viewing  for  the  seated  operator, 
based  on  anthropometric  data. 


.2:3$ 


ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


I  - 

5.7.6  Special-Purpose  Console  Desiqn  - 

5. 7.6.1  Horizontal  Wrap-Around  (Figure  25)  - 

5. 7. 6. 1.1  Panel  Width  -  When  requirements  for  preferred  panel  space 
for  a  single  seated  operator  exceed  a  panel  width  of  44  inches  (1.120  m), 
a  flat-surface,  segmented,  wrap-around  console  should  be  provided,  so 
as  to  place  all  controls  within  the  reach  of  the  5th  percentile  station¬ 
ary  operator. 

5.7.6. 1.2  Panel  Angie  -  The  left  and  right  segments  should  be  placed 
at  an  angle,  measured  from  the  frontal  plane  of  the  central  segment, 
such  that  they  can  be  reached  by  the  5th  percentile  stationary  operator. 


5. 7.6.2  Vertical/Stacked  Segments  (See  Figure  26  for  example.)  - 

5. 7. 6. 2.1  Panel  Division  -  ’Where  direct  forward  vision  over  the  top 
of  the  console  is  not  required  by  a  seated  operator,  and  when  lateral 
space  is  limited,  the  panel  shall  be  divided  into  three  vertical/stacked 
segments  whose  surfaces  should  be  perpendicular  to  the  operator's  line 
of  sight  with  little  or  no  head  movement. 

5. 7.6.2. 2  '  Height  -  The  center  of  the  central  segment  should  be  31.5 
inches  (800  nmj  above  the  seat  reference  point.  The  height  of  this 
segment  shall  not  exceed  21  inches  (530  mm). 


There  seems  to  be  no  reason  to 
specify  three  surfaces  as  opposed 
to  some  other  number 


_ MFI  RECOMMENDED  MODIFICATION 

jpfnel^width  ~  When  requirements  for  preferred  nanel 
fill  fifrmT3  5  "ed>  seated  operator  exceed  a  width  of  44  inches 
prwided  so  thatrAnar°U^d  ^onsoie  configuration  should  be 
male  and/or  fnLla^ato?  “Ithli'  reach  oE  “  5th  P^rcentila 

and  in  ”  *“• 


RATIONALE/REFERENCES 

Specifies  female  as  well  as  male 
operator. 


Relates  panel  angle  for  the  wrap¬ 
around  to  normal  .viewing  angle. 
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_ _ _ I  RECOMMENDED  MODIFICATION 

fcn’S*2"*  Panel  Division  -  Where  direct  forward  vision  over  "th^ 
top  of  a  consoLe  is  nor  required  by  a  seated  operator  and  whpn 
space  is  limited,  a  vertical  "wrap-around"  configuration  should 

?nd*-vldual  Panel  segments  should  provide  an  approximately 
normal  viewing  angle  as  the  operator  raises  or  lowers  his  Sher 

from  th/JormaT  Pa"e1’  “d  in  ”°  caSe  Sha11  ''«»  ■“>«  than  456 

approximate “nUr  of  the  central  segment  should  be 
.p  oximately  28  inches  (71  cm)  above  the  seat  reference  point. 


rationale/references 

Requires  that  panel  segments 
accommodate  approximately  normal 
viewing  angle,  but  removes 
the  limitation  of  three  different 
panel  surfaces. 


Changes  the  criterion  value  to 
28  inches  to  allow  for  female 
population  and  the  normal  depression 
of  the  viewing  angle  from  the 
horizontal . 


i 
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ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5.9.3  Adjustment  Controls  - 

5.9.3. 1  Cal ibration  Adjustments  -  Knobs  should  be  selected  in  prefer¬ 
ence  to  screwdriver  adjustments  whenever  frequent  adjustment  must  be 
performed. 

5. 9. 3. 2  Screwdriver  Adjustments  -  If  screwdriver  adjustments  must  be 
made  without  the  a  id"  of'  vfsion,  Mechanical  guides  for  the  screwdriver 
shaft  shall  be  provided  or  the  screws  shall  be  mounted  so  that  the 
screwdriver  will  not  move  out  of  position. 

5. 9. 3. 3  Reference  Scale  for  Adjustment  Controls  -  A  reference  scale 
or  any  other  "app’rbpr~>ate”feedback  shall"  be  provided  for  all  adjustment 
controls  and  be  readily  visible  to  the  person  making  the  adjustment. 

5. 9. 3.4  Control  Limits  -  Calibration  or  adjustment  controls  which  are 
intended  to  have  a  Tlii'ited  degree  of  motion  should  be  provided  with 
adequate  mechanical  stons  to  prevent  damage. 

5.9. 3.5  Sensitive  Adjustments  -  Sensitive  adjustment  points  shall  be 
located  or  guarded  so  that  adjustments  will  not  be  disturbed  inadvert¬ 
ently.  Suitable  hand  or  arm  support  shall  be  provided  near  the  location 
to  facilitate  making  the  adjustment  in  all  cases  wherj  the  operator  is 
subjected  to  disturbing  vibrations  or  acceleration  during  the  adjust¬ 
ment  operation. 

5. 9. 3. 6  Hazardous  Locations  -  Internal  controls  should  not  be  located 
close  to  dangerous  voltages,  rotating  Machinery,  or  any  other  hazards. 

If  such  location  cannot  be  avoided,  the  controls  shall  be  appropriately 
shielded  and  labeled. 


Should  be  made  explicit  that 
screwdriver  adjustments  are  for 
technician  only. 


Should  be  more  explicit. 


MFl  RECOMMENDED  MODIFICATION 


m  5.4  and  labeling  requirements  in  5.5.  ^ 

3  ■  9 !  3 . 1 .]  —bratU,n  Adjustments  -[use  original  material  from 

!IiSS$®S32^rs‘ 

SfEnSSSS^^s. 

screu<iriv«r « ^  p>-<>p«  position 


rationale/references 

Adds  the  important  provision  that 
adjustment  controls  must  conform 
with  basic  requirements  stated 
earlier  in  the  standard. 


Limits  use  of  screwdriver  adjust¬ 
ments  to  those  made  exclusively  by 
maintenance  technician.  Clarifies 
wording. 


5. 9. 3. 3 

priate 

i  ndicat 

5. 9. 3. 4 
add  Q  S 
screwdr 

5. 9. 3. 5 
5. 9. 3. 5 


Adius^ent_Feedback  -  A  reference  scale  or  other  appro- 


-  J  -  - *  v-uvu^[\  n  l 

feedback  sha 1 l  Be  provided ,  i.e 
ion  of  adjustment  changes. 


visual  or  auditory 


C^01'  Ll— _CUse  original  material  from  5  9  3  4  but 

iver^^lippag^an^s  lot  damage  *  dMp  “"*‘h  * 

j  Sensitive  Adjustments  -[use  original  material  from 


located  cTgfrgrdanger^rdelt^r^ot^i”015  Sh°'‘U  be 
as  gears  belt-;  nr  voltages,  rotating  components  such 

pos  ted ‘where3  t  he  v6a  re  °readii  v3dfsib?S^.CU0hS  ^1. 

he  or  she  inadvertently  contact,  the'hazaJd*  tachnlclan  be£ore 


J  Shallow  screwdriver  slots  must  be 
!  Prohibited  because  of  tool  slippage 
and  eventual  wear-down  of  the  slot 


Provides  more  explicit  requirements 
tor  hazardous  location  of  controls. 
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ORIGINAL  REQUIREMENT 


MFI  COMMENTS 


5.9.14,10  Drawer  Nodules  -  Drawer  modules  designed  for  "remove  and  This  overlooks  the  hazard  if  Che 

replace"  maintenance  shall  be  provided  with  connectors  mounted  on  the  drawer  could  be  pulled  out 

back  of  the  drawer  and  mated  with  connectors  in  the  cabinet  to  accomp-  completely  and  dropped, 

lish  electrical  inter-connection  between  the  drawer,  other  equipment 
in  the  rack  and  external  connectors,  where  feasible.  Guide  pins  or 
equivalent  devices  shall  be  pro/ided  to  aid  in  alignment. 


ORIGINAL  REQUIREMENT 


5.11.2.2  Crank  S i 2c 
a  function  of  rotation  speed  required. 


The  size  of  tracking  cranks,  where  used,  shall  be 
Within  the  parameters  of  Figure  7, 


a.  Maximum  speed  should  be  between  140  to  200  RPM. 


MFI  COMMENTS 


No  change  is  recommended  for  this 
paragraph  except  if  the  referenced 
Figure  7  changes  riuinbc-r. 


■  u  radius  should  be  between  2.25  inches  (57  mm)  and  4  5 

inches  (115  nun) ;  \  V 

(1)  High  RPM  requirement:  smaller  crank  radius 

(2)  Low  PPM  requirement:  larger  crank  radius. 


MF!  RECOMMENDED  MODIFICATION 


5*9.14.10  Drawer  Modules  -jjjse  original  material  from  5.9.14.10, 
but  add  the  following  :] 

When  practicable,  drawer  modules  should'  be  mounted  on 
glide  tracks  that  incorporate  mechanical  stops  to  prevent  the 
drawer  or  chassis  from  being  accidentally  pulled  all  the  way  out 
and  dropped.  Provide  handles  on  the  front  panel  of  drawers  and 
chassis  modules  that  have  sufficient  panel  area  for  securing  such 
handles.  Where  appropriate  consider  use  of  latch-type  handles 
so  that  the  act  of  unlatching  for  removal  of  the  drawer  and 
withdrawal  can  be  accomplished,  without  requiring  change  of  hand' 
position. 


rationale/references 


This  adds  a  very  necessary  safety 
requirement  for  mechanical  stops  to 
prevent  accidental  drawer  with¬ 
drawal  from  the  slides. 


MF I  RECOMMENDED  MODIFICATION  RATIONALE/REFERENCES 

5.9.19  Printed  Circuit  Boards  -  Printed  circuit  boards  shall  NEW 

be  designed  and  mounted  for  ease  of  removal  and  replacement 
considering  such  factors  as  finger  access,  gripping  aid.s  and 
resistance  created  by  the  mounting  device.  Appropriate  feed¬ 
back  shall  be  provided  to  insure  that  the  technician  knows 
when  the  board  is  securely  connected. 


rationale/references 


MFI  RECOMMENDED  MODIFICATION 


5. 12. 9. A. 6  Driver  Station  Design  -  Requirements  for  operator 
workstations  described  herein  shall  generally  be  applied  to 
automotive  driver  stations.  In  addition,  the  fol lowing,  factors 
shall  be  considered: 

a.  External  visibility  shall  be  adequate  to  observe  the 
necessary  reference  extremities  of  the  vehicle  to  safe- 
steer  the  vehicle,  to  observe  clearances  between  the 
vehicle  and  other  objects,  and  to  observe  key  elements 
necessary  for  making  steering  and  braking  decisions 
i.e.,  traffic  lights,  road  signs  and  markings.  When 
the  vehicle  will  be  used  on  public  roads,  it  shall,  be 
be  designed  in  compliance  with  Federal  Motor  Vehicle 
Standards  pertaining  to  exterior  visibility. 

b,  All  internal  visual  displays  shall  be  designed  and  lo¬ 
cated  for  etisy  access  by  the  operator  when  his  or  her 
eyes  are  positioned  for  normal  roadway  observation. 


NEW 


c.  All  controls  that  may  be  operated  while  the  vehicle  is  ! 
in  motion  shall  be  easily  accessible  from  the  operator’s! 
normal  operating  position,  and  it  shall  not  be  necessary! 
for  the  operator  to  reach  to  the  extent  that  his  or  her 
eye  reference  is  drawn  to  a  position  in  which  the  opera¬ 
tor  cannot  maintain  adequate  eye  contact  with  the  road: 

d.  Driver  controls  and  displays  shall  be  as  consistent 
as  practicable  among  similar  vehicles  in  terms  of 
basic  design  and  location  i.e.,  the  common  elements 
shall  be  similar  (e.g.,  brake,  clutch  and  accelerator, 
ignitioh/starter,  lights,  windshield  washer/wiper, 
turn  signal,  horn,  speedometer,  fuel,  oil  and  tempera¬ 
ture  displays,  etc.). 
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MFi  RECOMMENDED  MODIFICATION 


RATiONALE/REFERENCES 


5.1J.5.6  Moving  Equipment  -  Auditory  warning  devices  shall  be 
provided  on  all  large  equipments  and/or  vehicles  to  indicate 
when  they  are  in  motion,  i. e. ,  backing  alarm,  for  large  vehicles 
in  which  the  operator  may  be  unable  to  see  directly  to  the  rear, 
operator  controlled  signalling  device  to  warn  persons  in  the 
path  of  3  machine  (when  the  general  noise  environment  makes  it 
difficult  to  know  that  a  machine  is  about  to  move  toward  an  indi¬ 
vidual  who  may  not  be  facing  it),  c-tc. 
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ORIGINAL  REQUIREMENT 


5.14  AEROSPACE  VEHICLE  COMPARTMENT  DESIGN  REQUIREMENTS  - 

5.14.1  General  -  Aerospace  vehicle  compartments  shall  dcs  t gned  to 
optimize  human  efficiency,  safety,  ano"  comfort  within  the  constraints 
imposed  by  system  requirements. 

5.14.1.1  Windows,  Canopies,  and  Windshields  - 

5.14.1.1.1  Visual  Performance  -  Transparent  areas  shall  designc"* 
to  be  free  from  color,  distortion,  or  any  other  factors  that  would 
degrsae  visual  performance  below  the  level  required  for  mission  accomp¬ 
lishment. 

5. '*4.1. ].Z  Kul ti layered  Windows  -  Visual  performance  shaii  not  be  de¬ 
eded  below  the  level  required  for  mission  accomplishment  by  loss  of 
light  transmission  or  by  multireflections  resulting  from  multilayered 
windows . 


5.14. 1.1.3  Ar=ole  of  Incidence  -  When  undistorted  external  vision  is 
required.  thi~angTe  of  incidence  'see  3.3'  shall  not  exceed  60  degress. 


5  1  -.1.1.4  Unobstructed  Vision 
ro-  opt ;r.un  unobstructed  vision, 
of  vision  should  not  exceed  2.2 


-  windows  and  c 
Width  of  Stru 
inches  (55  rw). 


v'ics  s'nts!  he  designed 
.ra  1  re~bcrs  tr.  the  line 


5.14.1.2  Instrument  location  -  Ir.strurents  shall  be  located  so  that, 
with  glare  shields  and  bezels  in  place,  they  can  be  easily  read  by 
appropriate  crew  members. 


5.14.2  Crew  Stations  and  Passenger  Compartments  (AH  Aerospace  Vehicles) 


MFI  RECOMMENDED  MODIFICATION 


5.14.1.2  Instrument  Location  -  Cockpit  instruments  and  inte¬ 
grally-illuminated  kno’Fs  and- panels  shall  be  located  co  optimize 
pilot(s)  viewing  angle  and  minimize  effects  of  sun  glare  on  in¬ 
struments  and/or  reflection  of  display  surfaces  on  windshield, 
canopy  or  side  windows  at  night.  Glare  shields  and  bezels  shall 
not  obstruct  complete  view  of  all  critical  display  detail  on 
instruments,  legend  switches  or  controls,  considering  the  com¬ 
plete  range  of  operator  sizes  and  potential  seat  adjustments 
the  operator  may  have  made. 


RAT  I ONALE/REFERENCES 


Adds  specificity  to  the  require¬ 
ment  for  glare  shielding  of  cockpit 
instruments. 
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Mr!  COMMENTS 


Add  reference  MIL-C-81774  to 
this  paragraph  and  also  to  the 
list  in  the  front  of  the  docu¬ 
ment  . 


_ _ ORIGINAL  REQUIREMENT 

5.14.2.4  Seating  and  Restraint  - 

'  ^eatS  contours.  Positions,  and  restraints  should 
e  adjustable  to  individual  anthropometric  dimensions  of  shirtsleeve 
pressure  suit,  survival  equipment,  armor,  and  to  foreseeable  conditions 
and  levels  of  g-loading.  Seating  or  restraints  shall  provide  a JadeoSate 
supporting  framework  for  the  body  relative  to  the  activities  that  must  be 
per  ormed.  Seats  shall  be  designed  for  maximum  protection  under  q-loadina 
and  for  comfort,  ease  of  adjustments,  and  minimum  weight.  9  9 

V?:2/4-2  ViHlcjj-and  Horizontal  (fore  and  Aft)  Adjustment  -  <eats 
;a  .fave. vertical  and  horizontal  adjusT^n~ su7fT?rejuTo-Tccon.moda te 
suitably  doused  and  equipped  users  with  relevant  body  dimensions  vary¬ 
ing  between  5th  and  95th  percentile  (see  5.6),  without  degrading  their 
performance  capability.  s  s  tne" 

5.14.2-4.3  Swivej_ Adjustments  -  Seats  capable  of  being  rotated  shal1 

The  seatih^fh  e’9ht.  jock’n9  Positions  equally  spaced  through  360°.' 

wh?u  h  !•  bC  c??a°lerof  beln9  swiveled  freely,  when  unlocked, 
while  supporting  a  load  of  250  pounds  (113  kg). 

5.14.2.4.4  Height  -  The  sitting  surface  shall  be  designed  to  provioe 
a  minimum  of  9  inches  (230  rn)  between  the  sitting  surface  andPthe 
bottom  of  the  work  surface  c-  shelf.  (See  Figure  24.) 

5.14.2.4.5  Access  to  Foot  Controls  -  When  seated,  the  operator  shall 
..ave  free  access  to,  and  activation  of,  foot-operated  controls.  . 

ass,4s,.,JTi«K,jnf  rp: shan  - •—  «  '*«-  ■ 


MFI  COMMENTS 


MFI  RECOMMENDED  MODIFICATION 


5.14.2.4.2  Vertical  and  Horizontal  (Fore  and  Aft)  Adjustments  - 
[Use  original  material,  but  add  the  fol'-lo'wingij 

Seat  adjustment  controls  should  be  located  so  that  the  pilot 
can  operate  such  controls  without  modifying  his  or  her  normal 
operating  body  position  (i.e.,  without  leaning  forward  or  to  the 
side,  thus  removing  his  or  her  eyes  from  the  designated 
"dperational-'  eye  reference  position.  ) 


rationale/references 


Adds  the  important  requirement  that 
the  pilot  must  be  able  to  make 
seat  adjustment  without  shifting 
his  body  or  diverting  attention 
from  his  visual  tasks. 


^  .  i 


_ MFI  RECOMMENDED  MODIFICATION 

5.14.2.4.5  Access  to  Foot  Controls  -[Use  original  material,  but 
add  the  following:] 

When  adjustable  foot  controls  are  provided,  they  shall  be 
located  so  that  the  pilot  can  operate  the  control  without  modify¬ 
ing  his  or  her  normal  body  position  (i.e.,  without  leaning  forward 
or  to  the  side,  thus  removing  his  or  her  eyes  from  the  designated 
"operational"  eye  reference  position.) 


246 


MFI  RECOMMENDED  MODIFICATION 


5.1A. A. L. 6  Exit  Signs  and  Marking  -  All  emergency  exits  shall 
be  clearly  marked  with  signs  reading  EMERGENCY  EXIT.  Such  signs 
shall  be  located  so  that  there  will  be  no  confusion  as  to  the 
location  of  the  exit  and/or  so  that  the  sign  could  be  inadver¬ 
tently  obscured  by  persons  or  articles  stowed  or  sitting  near 
the  exit.  Such  signs  shall  be  visible  both  day  and  night. 
Lettering  on  such  signs  shall  be  fluorescent  RED  with  contrasting 
background  of  at  least  80  percent  or  more.  When  practicable, 
a  red  line  or  tope  should  be  used  to  outline  the  actual  exit 
openi ng . 


I 


ORIGINAL  REQUIREMENT 


Ejection  Systems  -  Where  ejection  systems  are  specified,  the 

JiirJw  Cr,1,ctr'J;  th0Se  conta1ned  in  MIL-S-9479  for  USAF,  or  MIL- 
b- 18471  for  USN,  shall  apply. 

5.14.4.3.1  Clearance  -  The  vehicle  shall  be  designed  to  provide  adequate 
c.earance  for  egress  of  either  the  ejection  seat  and  occupant  or  the 
escape  capsule  as  applicable. 


5.14.4.3.2  Safety  Harnesses  - 
adjusted  and  removed  and  shall 
safe  ejection. 


Personnel  safety  harnesses  shall  be  easily 
be  designed  to  pr-eclude  interference  with 


5.14.4.3.3  Ejection  Controls 
sible  and  activation  shall  be 


-  Ejection  controls  shall  be  readily  acces- 
possible  with  either  hand. 


5.14.4.3.4  Control  Protection  -  Provision  shall  be  made  to  guard  against 
accidental  activation  of  ejection  controls. 


MFI  RECOMMENDED  MODI F! CAT iON 


5.14.4.3.2  Safety Harnesses  -  Personnel  safety  harnesses  shall 
be  easily  adjusted  and  removed,  and  shall  be  designed  to  preclude 
interference  with  safe  ejection.  A  single-action  response  shall 
release  all  belt  elements  necessary  for  the  occupant  to  quickly 
remove  the  safety  harness.  The  belt  release  control  shall  be 
accessible  to  either  hand.  The  release  device  shall  be  designed 
so  that  inadvertent  contact  will  not  release  the  belt  accidentally 
The  force  to  release  the  buckle  shall  be  compatible  with  limita¬ 
tions  that  any  high  G-force  maneuver  may  place  on  the  occupant's 
ability  to  reach  for  and/or  manipulate  the  release  device. 


rationale/references 


Adds  requirements  for  quick 
release  of  safety  harness  and 
for  prevention  of  accidental 
release . 


i 

I 


i 
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MODIFICATION 


rationale/references 


5.14.4.3.3  Ejection  Controls  -  Ejection  controls  shall  be 
accessible  and  activation  shall  be  possible  with  either  hand 
under  the  highest  G-force  conditions  expected. 


Adds  important  requirement  that 
release  must  be  possible  under 
highest  G-force. 


5.14.4.3.4  Control  Protection  -  Ejection  controls  shall'be  de¬ 
signed  and/or  located  so  that  accidental  activation  is  precluded. 
Ejection  control  handles  shall  be  appropriately  marked  with  alter¬ 
nate  yellow  and  black  striping  to  denote  CAUTION. 


Strengthens  the  requirement  to 
prevent  accidental  ejection. 


